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Executive Summary 
The low stream salinity naturally in the Nebine-Mungallala Catchment, extent of vegetation 
retention, relatively low rainfall and high evaporation indicates that there is a relatively low 
risk of rising shallow groundwater tables in the catchment.  Scalding caused by wind and 
water erosion exposing highly saline sub-soils is a more important regional issue, such as in 
the Homeboin area.  Local salinisation associated with evaporation of bore water from free 
flowing bore drains and bores is also an important land degradation issue particularly in the 
lower Nebine, Wallam and Mungallala Creeks.  The replacement of free flowing artesian 
bores and bore drains with capped bores and piped water systems under the Great Artesian 
Basin bore rehabilitation program is addressing local salinisation and scalding in the vicinity 
of bore drains and preventing the discharge of saline bore water to streams. 
Three principles for the prevention and control of salinity in the Nebine Mungallala catchment 
have been identified in this review: 
• Avoid salinity through avoiding scalds – i.e. not exposing the near-surface salt in 
landscape through land degradation; 
• Riparian zone management: Scalding often occurs within 200m or so of watering lines.  
Natural drainage lines are most likely to be overstocked, and thus have potential for 
scalding.  Scalding begins when vegetation is removed, and without that binding cover, 
wind and water erosion exposes the subsoil; and 
• Monitoring of exposed or grazed soil areas. 
 
Based on the findings of the study, we make the following recommendations: 
1. Undertake a geotechnical study of existing maps and other data to help identify and target 
areas most at risk of rising water tables causing salinity.  Selected monitoring should then 
be established using piezometers as an early warning system. 
2. SW NRM should financially support scald reclamation activity through its various 
funding programs.  However, for this to have any validity in the overall management of 
salinity risk, it is critical that such funding require the landholder to undertake a salinity 
hazard/risk assessment of his/her holding.  
3. A staged approach to funding may be appropriate.  In the first instance, it would be 
reasonable to commence funding some pilot scald reclamation work with a view to further 
developing and piloting the farm hazard/risk assessment tools, and exploring how 
subsequent grazing management strategies could be incorporated within other extension 
and management activities.  Once the details of the necessary farm level activities have 
been more clearly defined, and following the outcomes of the geotechnical review 
recommended above, a more comprehensive funding package could be rolled out to 
priority areas. 
4. We recommend that best-practice grazing management training currently on offer should 
be enhanced with information about salinity risk in scald-prone areas, and ways of 
minimising the likelihood of scald formation. 
5. We recommend that course material be developed for local students in Years 6 and 7, and 
that arrangements be made with local schools to present this information.  Given the 
constraints of existing syllabi, we envisage that negotiations may have to be undertaken 
with the Department of Education in order for this material to be permitted to be used.  
We have contact with key people who could help in this if required. 
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6. We recommend that SW NRM continue to support existing extension activities such as 
Grazing Land Management and the Monitoring Made Easy tools.  These aids should be 
able to be easily expanding to incorporate techniques for monitoring, addressing and 
preventing salinity and scalding.  At the time of writing staff of SW NRM were actively 
involved in this process.  It is important that these activities are adequately resourced to 
facilitate the uptake by landholders of the perception that salinity is an issue that needs to 
be addressed as part of everyday management. 
7. We recommend that SW NRM consider investing in the development and deployment of 
a scenario-modelling learning support tool as part of the awareness raising and education 
activities.  Secondary salinity is a dynamic process that results from ongoing human 
activity which mobilises and/or exposes salt occurring naturally in the landscape.  Time 
scales can be short to very long, and the benefits of management actions can similarly 
have immediate or very long time frames.  One way to help explain the dynamics of these 
processes is through scenario modelling.  
 
(More information on the recommendations can be found in Section 5). 
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Glossary and Abbreviations 
Aquifer An aquifer is an underground layer of water-bearing permeable 
rock, or unconsolidated materials (gravel, sand, silt, or clay) from 
which groundwater can be usefully extracted. 
BRS Bureau of Rural Sciences 
DEM Digital Elevation Model.  A representation of terrain using 
interpolation of point elevation information from satellite or aerial 
photography.  For an example see Geoscience Australia 
(http://www.ga.gov.au/nmd/products/digidat/dem.htm) 
DIPNR New South Wales Department of Infrastructure, Planning and 
Natural Resources, subsequently changed to Department of Natural 
Resources 
DLWC New South Wales Department of Land and Water Conservation, 
subsequently changed to DIPNR 
DNRQ Department of Natural Resources Queensland, see NRMW 
GFS Groundwater Flow System 
Groundwater Groundwater is water located beneath the ground surface in soil 
pore spaces and in the fractures of geologic formations. A formation 
of rock/soil is called an aquifer when it can yield a useable quantity 
of water. 
MDBC Murray-Darling Basin Committee 
MDBMC Murray-Darling Basin Ministerial Council 
ML Megalitre.  One million litres. 
NAPSWQ National Action Plan for Salinity and Water Quality  
NLWRA National Land and Water Resources Audit 
NR&M See NRMW 
NRMW Queensland Department of Natural Resources, Mines and Water. 
QNRM See NRMW 
QMDB Queensland Murray Darling Basin 
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Regolith Regolith is the widespread layer of soil, weathered materials and 
transported sediments above fresh bedrock.  In the study area, there 
are significant quantities of naturally occurring salts stored in the 
regolith. 
Salinity Salinity is the presence of soluble salts in soils or waters. It is a 
general term used to describe the presence of elevated levels of 
different salts such as sodium chloride, magnesium and calcium 
sulfates and bicarbonates, in soil and water.  
(www.nrm.qld.gov.au/salinity/whatis.html) 
Salinity Hazard Salinity hazard is a function of the inherent characteristics of the 
landscape that predispose it to land or water salinity. 
Salinity Risk Salinity risk is the probability that certain management practices 
will contribute to the expression of land or water salinity in the 
landscape.  It is measured in terms of probability and consequences. 
μS/cm Micro-Siemens per centimetre.  A measure of electrical 
conductivity indicating the salt level in a liquid. 
ppm Parts per million.  A measure of dissolved solids, such as salts 
dissolved in water.  Similar to but not the same as electrical 
conductivity measures of the salt level in a liquid. 
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1 Introduction 
South West NRM Limited (SW NRM) is a Regional Body constituted in Queensland with 
funding provided through the National Action Plan for Salinity and Water Quality and the 
National Heritage Trust Extension programs.  Among other things, its role is to coordinate the 
views of regional communities and to prepare a natural resources management plan for the 
region  (www.regionalnrm.qld.gov.au/index.html). 
As part of its NRM planning process, the potential for primary and dryland salinity to pose a 
significant threat to lands within the Nebine / Mungallala / Wallam catchment has been 
identified.  There are areas of high nature conservation value that could be affected, and it is 
possible that other areas could be impacted to the extent that it would cause significant losses 
to production systems, degradation of soils and remnant vegetation and a reduction in surface 
water quality. 
While such impacts are possible, there is little apparent on-ground evidence of salinity 
actually occurring.  Land managers are thus concerned that measures which might be taken to 
reduce the likelihood of adverse effects from salinity could impose unnecessary cost burdens 
and lost production on their enterprises. 
A problem for SW NRM is that the current state of information about salinity impacts is 
patchy at best.  This is perhaps not surprising given the following recent comment by 
researchers at CSIRO “Current policy on dryland salinity is underpinned by inadequate 
monitoring, data, and predictions, but it is a newer issue and one that, like fish, hides beneath 
the surface.”  (Lindenmayer, D. and Franklin J. 2003.  Towards Forest Sustainability, CSIRO, 
Canberra.) The rate of change of groundwater levels is not well recorded.  There is a small 
number of piezometers through the catchment, but these are presently not being regularly 
used, although some earlier data from these may be available (Dan Ferguson, pers. comm.).  
In addition, as noted above, there is little directly observable evidence that salinity is 
occurring.  
However, the recent Salinity Hazard Mapping exercise undertaken by the Queensland 
Government has identified a number of areas of high salinity hazard in the catchment.  High 
hazard areas have been defined as those with the “potential for salinity to occur if the 
landscape is not well managed” (www.nrm.qld.gov.au/salinity). 
The above factors have led to a significant gap between how salinity hazard has been 
assessed, and how land managers perceive it.  This project seeks to help close this gap. 
1.1 Methodology 
The project will employ structured stakeholder dialogue as its underpinning approach.  The 
use of this is based on the notion that it is only when land managers actually engage with the 
salinity problem, and think about what risk it might actually pose for them, their businesses 
and their local environment, that they would be motivated to take some actions to reduce this 
risk.  
Scientific knowledge on its own does not serve the purpose – if it points in directions that 
don’t seem to make sense to locals, then their usual response is to ignore it.  
Government regulation can force people to behave in certain ways (e.g. not cut down 
vegetation), but it can also cause considerable angst and people can tend to ignore it if it 
doesn’t suit them.  
Incentive payments are another approach used to bring about desired behaviour changes.  
However, they can only work if they provide enough added incentive to overcome inertia for 
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change.  With the apparently prevailing perception in the catchment that salinity is not a real 
threat, the inertia will be high. 
1.2 Elements of approach 
Structured stakeholder dialogue will involve a mix of the following activities: 
1. Reviewing documents about what has been previously said about salinity in the area – 
e.g. media, scientific studies, letters.  
2. Convening a series of workshops with stakeholders in selected focus areas.  
3. Visiting with selected land managers to ‘hear their stories on their patch’, and to 
explore what it could mean for them if salinity did actually eventuate as a problem. 
4. Designing and undertaking a social survey.  In conjunction with the workshops, this 
will help to improve understanding of stakeholder perceptions, social attitudes and 
knowledge about salinity.  
5. Circulating draft reports from various stages of the project to those interested 
throughout the catchment.  Inviting comment in writing, by phone, or at a subsequent 
workshop. 
6. Talking with selected land managers about what things ought to be in a toolkit to help 
them assess their salinity risk, with the aim of developing a toolkit that is based on 
perceived needs of landholders, more than simply what scientists deem landholders 
ought to do. 
The focus of this approach is to establish ways to best provide land managers with 
information and tools that they might actually use, while ensuring that best available science 
is used as effectively as possible. 
1.3 Project team learning and capacity building 
This project is about shared learning.  Scientific information about the nature and extent of 
salinity in the study area is limited.  Scientists need opportunities to gain further insights 
about the nature of the landscape from landholders and thus to better inform their subsequent 
scientific investigations.  Landholders can usefully learn from science about signs and 
symptoms of salinity as an aid to helping them avoid unnecessary landscape degradation.  The 
project team will themselves enhance their understanding about how to strategically manage 
for salinity, including improved knowledge about the mechanisms of salinity in this region, 
and the ways that local landholders relate to it.  The aggregate effect of this enhanced learning 
will be to provide a more solid foundation from which to develop locally-relevant salinity 
management strategies and funding prioritising criteria. 
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2 Literature review 
2.1 Introduction 
The purpose of this literature review is to ascertain and document the current state of 
knowledge about salinity in its various modes in the Nebine-Mungallala-Wallam catchment of 
South West Queensland.  This is undertaken through a review of knowledge and literature 
particular to that catchment as well as the Queensland Murray-Darling Basin (QMDB) of 
which it is a part.  This review covers the current state of salinity in Australia as well as the 
science and modelling of salinity, derived primarily from Australian research. 
This review focuses in particular on the risks to catchments in the South West NRM region of 
the QMDB, utilising both published and previously unpublished data.  Other material 
considered includes reviews of the status of data collection programs in the QMDB, and a 
range of surveys indicating the extent of salinity expressions in the Condamine, Border 
Rivers, Maranoa-Balonne and Moonie catchments of the basin. 
The Queensland Murray-Darling Basin is one of the State’s most significant agricultural 
areas.  It makes up about 15 percent of the land area of Queensland and about a quarter of the 
Murray–Darling Basin.  The region is known for its varied land types and diverse flora and 
fauna.  Land use is mostly agricultural, with about five percent in State forests or conserved in 
national parks and other protected areas.  Whilst it appears that the QMDB has fairly low 
levels of salt affected land, there are high levels of salt in its soils and groundwater (Salinity 
Hazard in the Queensland Murray-Darling Basin Fact Sheet, DNRM, n.d.).  Previously a 
grazing area, the region now also supports extensive irrigation and dryland cropping.  It is in 
part this recent change in land use that has prompted a re-evaluation of salinity hazard within 
the QMDB, and the risks associated with changing land use within the Nebine-Mungallala-
Wallam catchment.  It is not anticipated that there will be any significant changes in the land 
use within this catchment, which is predominantly extensive sheep and cattle grazing on 
native and improved pastures, or changes in water use.  However there has been acceleration 
in clearing of native woody vegetation over the last ten years, and such clearing has the 
potential to facilitate salinisation, for example by the leaching of salt in shallow soil profiles. 
2.1.1 Classes of salinity considered in this review 
Salinity can be considered as Primary Salinity—naturally occurring salinity in both soils and 
water—and Secondary Salinity resulting from human activities, largely through land 
development and agriculture (Shaw, 1982; see Figure 1).  Examples of primary salinity are 
clay pans, salt lakes and saltpans, elevated salt levels in soils prior to development and salt 
around mound springs. 
Several forms of secondary salinity are known to occur: 
i) Dryland Salinity is caused by changing land use practices (Hooper, 1995).  It 
occurs where the groundwater rises due to additional seepage arising from removal 
of deep-rooted perennial vegetation.  This can be localised on slopes and 
watercourses (seepage salting) or extensive over the landscape (watertable salting) 
(Shaw, 1982; George et al. 1997; Walker et al. 1999; Pannell and Ewing, 2004); 
ii) Scalding results from the removal of vegetation cover on saline or sodic soils 
through clearing and heavy grazing.  Erosion of the bare soil exposes the subsoils, 
which tend to remain bare of any vegetation.  Scalding is not associated with water 
seepage or water tables (Shaw 1982; DLWC 1987) (note that some literature refers 
to scalding salinity as a form of dryland salinity); 
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iii) Irrigation Salinity occurs where irrigation waters cause a rise in saline water tables, 
or where the irrigation water is of poor (saline) quality and deposits salt in surface 
soil horizons through evaporation (Shaw, 1982).  This may also occur where bore 
drains break out and water evaporates depositing salt on the soil surface 
(particularly where drains traverse sandy land types), or where new dam 
infrastructure built alongside creeks and rivers allows leakage into groundwater 
causing change in surface / ground water interactions (DNRQ, 1997). 
 
Figure 1: Classes of soil and water salinity (Shaw, 1982) 
The causes and effects of secondary salinity in Australia and Queensland are examined in 
detail in a later section.  Whilst it is possible that any of these types of salinity may be 
apparent within the Nebine-Mungallala-Wallam catchment either now or in the future, it is 
important to remember that the prevailing local conditions will play an important role in the 
type of salinity that may present.  Traditionally, most of the focus on salinity in Australia has 
been on irrigation salinity, and more recently on dryland salinity.  However, in the area 
studied in this review, both scalding and primary salinity are important types of salinity that 
must be considered, while dryland salinity appears much less likely to occur.  Consideration 
of the hydrology and salinity of the study area allows better assessment of the kinds of salinity 
that may be or may become present. 
2.2 Hydrogeology and salinity in the Nebine-Mungallala Catchment  
The Nebine-Mungallala Catchment comprises the catchments of Nebine, Mungallala and 
Wallam Creeks (for sake of repetition in later sections, referred to simply as ‘the catchment’).  
It is hydrologically the western sub-catchment of the Condamine-Balonne catchment, 
discharging into the Culgoa River in northern New South Wales.  It has a total area of 38 100 
km2, with approximately one percent of the catchment (some 500 km2) in New South Wales.  
Over 54 percent of the original extent of remnant vegetation is retained in the Mungallala and 
Wallam Creek catchments with 66 percent remnant vegetation retention in the Nebine Creek 
catchment.  Average annual rainfall in the catchment is 300 mm at its southern tip, and 550 
mm in more elevated areas near Mungallala, with some 67 percent of the area receiving on 
average less than 450 mm per annum.  Rainfall variability is high.  At Bollon, annual rainfall 
has varied from 181 mm in 1945 to 1159 mm in 1955 with a mean annual rainfall of 461 mm. 
Mean annual evaporation in the catchment is estimated to range from 2,100 to 2,500 mm per 
year. 
There are limited data on stream flow in the catchment.  The only stream gauging station in 
the catchment (GS 422501A), 10 kilometres upstream from Bollon at Cardiff, was established 
Salinity 
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in 1999.  Estimated mean annual stream discharges are respectively 38,600 ML, 52,600 ML 
and 60,800 ML from Mungallala Creek, Wallam Creek and Nebine Creek.  Stream flow 
rarely reaches the Culgoa River.  Both Mungallala and Wallam Creek flow into terminal 
wetlands, bounded to the east by a low line of ridges that stop discharge into the Culgoa 
River.  The Nebine Catchment is essentially an internal drainage basin.  
Limited water quality records (CBWC, 2003) indicate surface water in the Nebine-Mungallala 
catchment has low salinity when streams are flowing (around 150 μS/cm in the upper reaches 
of Mungallala Creek at Dreamland) except where bore drains discharge into streams (around 
1250-1500 μS/cm in Wallam and Mungallala Creeks near Bollon (Bowman et al, 2003)). 
Groundwater is the major water supply for the Nebine-Mungallala Catchment, with most 
groundwater sourced from the regional groundwater flow systems of the Great Artesian Basin 
(DNR, 2000).  Of the 386 bores recorded on the NRMW groundwater database for this 
catchment, 255 are artesian. Some groundwater is obtained from shallow sedimentary local 
and intermediate groundwater flow systems of Quaternary and Tertiary Age. However there is 
relatively little quantitative information on the shallow hydrogeology of the Nebine-
Mungallala Catchment except on its eastern boundary with the Maranoa and Balonne 
catchments, which was investigated by McAlister (1999; 1998).  Skelt, Ife and Hillier (2005) 
report that shallow groundwater becomes progressively more saline southwards, and it is 
hardly utilised. 
The low stream salinity naturally in the Nebine-Mungallala Catchment, extent of vegetation 
retention, relatively low rainfall and high evaporation indicates that there is a relatively low 
risk of rising shallow groundwater tables in the catchment.  Scalding caused by wind and 
water erosion exposing highly saline sub-soils is a more important regional issue, such as in 
the Homeboin area.  Local salinisation associated with evaporation of bore water from free 
flowing bore drains and bores is also an important land degradation issue particularly in the 
lower Nebine, Wallam and Mungallala Creeks.  The replacement of free flowing artesian 
bores and bore drains with capped bores and piped water systems under the Great Artesian 
Basin bore rehabilitation program is addressing local salinisation and scalding in the vicinity 
of bore drains and preventing the discharge of saline bore water to streams. 
2.2.1 Hydrogeology of shallow groundwater aquifers 
The Nebine-Mungallala Catchment spans the geomorphological boundary of the Surat and 
Eromanga Basins along the Nebine Ridge, just to the west of Mungallala Creek.  The western 
third of the catchment beyond Nebine Creek is an extensive alluvial plain, with extensive 
areas of red sands and red earths, whose notable features are claypans and shallow ephemeral 
lakes and scattered rubbly mounds of silcrete (Thomas, 1971a and 1971b).  In this area 
shallow unconfined and semi-confined aquifers occur in Quaternary Age alluvial deposits that 
overlie Tertiary Age sediments comprising silcrete, quartzose sandstone, siltstone, and sandy 
conglomerate.  The Quaternary Age sediments are predominantly undifferentiated deposits of 
sand, gravel, silcrete, sandy red earths and limestone with scattered alluvial deposits of gravel, 
sand, silt and clay across the plain and along Nebine Creek (Quarantotto, 1986).  The total 
thickness of these Cainozoic sediments is generally less than 70 metres but can be as thick as 
180 metres.  Exon (1971a) comments that the sand Quaternary Age plains are partly alluvial, 
but lack of present-day drainage over much of the area indicates that more recent alluvium 
could be mainly wind-blown.  Water quality is variable, ranging from low salinity to very 
saline but mainly brackish (DNR, 2000) The majority of shallow aquifers used mainly for 
stock are generally less than 30 metres deep and brackish to saline, and run north-south in a 
belt between Widgeegoara and Nebine Creeks (Thomas 1971a and 1971b). 
Along the Nebine, Mungallala and Wallam Creeks and their tributaries, local groundwater 
flow systems occur in deposits of Quaternary alluvium (gravel, sand, silt and clay) of 
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fluviatile (river alluvium) origin as well as in Tertiary Age deposits exposed in the upper 
reaches of these streams (Senior, 1971).  Salinity is generally low.  Water from permanent 
springs in the bed of Mungallala Creek at Dreamland to the south of Mungallala has low 
salinity and is suitable for domestic use. 
To the east of Wallam Creek, Cainozoic sediments on the alluvial plain increase in depth from 
less than 20 metres to over 160 metres on the eastern margin of the catchment.  Salinity varies 
from over 36,000 μS/cm down to 600 μS/cm (McAlister, 1998). 
The Coreena and Doncaster Members of the Wallumbilla Formation outcrop in the northern 
part of the catchment.  These Cretaceous Age sediments are upper beds of   the Great Artesian 
Basin.  The majority of the groundwater supplies in the catchment are obtained from the 
Hooray Sandstone and Cadna-Owie Formation and the Coreena Member of the Wallumbilla 
Formation.  Water quality in the Hooray Sandstone is generally suitable for domestic and 
stock use, whereas water in the Cadna-Owie Formation and Coreena Member is more saline 
and generally only suitable for stock supplies (DNR, 2000). 
2.2.2 Current knowledge of sodic soils, salinity and scalding within the 
catchment 
Some data have already been gathered regarding the potential for scalding salinity and the 
presence of scalds and claypans within the catchment.  A study published in 1990 examined 
the area between the Nebine Creek and the western edge of the catchment (Mills et al., 1990), 
whilst a 1974 study examined the eastern part of the catchment (Galloway et al., 1974).  The 
data from these studies have been combined to produce a map of potential areas of primary 
salinity within the catchment, shown in Figure 2. 
__________________________________________________________________________________________ 
Salinity Management  CEEWPR - UNE Page 7 
 
Figure 2: Areas of primary salinity or potential scalding within the study area  
(produced by SW NRM Ltd). 
The differences between the systems on the east and west of Figure 2 are in part an artefact of 
the different mapping approaches used by the two studies.  Both datasets do however 
represent soils that may be more susceptible to salinity, and drainage systems that may 
accumulate salt.  Also significant is the presence of scalding within mapped land systems.  
Scalding was identified in the studies undertaken by Mills et al. (1990) but these areas were 
not mapped, and have not been reproduced on the map shown in Figure 2.  This is most likely 
because scalded areas are typically relatively small, and occur in patches within susceptible 
soil types.  This means that the map produced here over-represents the area currently affected 
by salinity scalding, but may potentially still underestimate the areas that may be susceptible 
to scalding.  Scalding is believed to affect some 590,000 ha of land in Queensland, and is 
most common on heavily grazed, fragile soils in the arid and semi-arid regions where rainfall 
is less than 500 mm per annum (DNRQ 1997); that is, most of the catchment. 
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2.3 Causes and Effects of Secondary Salinity in Australia and Queensland 
The discussion in this section refers to general salinity issues throughout Australia.  It is 
provided here for reasons of completeness, although it is recognised that the emphasis on 
dryland and irrigation salinity is generally not applicable to the study area where scalding 
salinity is the main process of salinity expression.  However, we do note and discuss in 
Section 2.4 that although unlikely dryland salinity is certainly possible in the study area, and 
could be initiated in susceptible areas through short intense periods of rainfall.   
Salt occurs naturally at high levels in the subsoils of most Australian agricultural land.  Some 
of the salts in the landscape have been released from weathering rocks (particularly marine 
sediments, in which case calcium carbonate is the primary salt released) (National Land and 
Water Resources Audit, NLWRA 2001; DNRQ 1997).  Most have been carried inland from 
the oceans on prevailing winds and deposited in small amounts (20-200 kg/ha/year, typically 
as sodium chloride) with rainfall and dust (Hingston and Gailitis 1976; DNRQ 1997).  Over 
tens of thousands of years, it has accumulated in the sub-soil.  In Western Australia, for 
example, wind-borne sea-salt is commonly measured at levels between 100 and 15,000 tonnes 
per ha (McFarlane and George 1992; Pannell and Ewing, 2004). 
A combination of natural factors has led to Australia’s significant problems with dryland 
salinity: the continent is geologically old and stable, and the climate is dry (that is, there is 
low rainfall compared to potential evaporation).  Our native vegetation has adapted to these 
conditions.  Australia’s low rainfall means that we have one of the lowest amounts of runoff 
in the world.  As a result most rainfall is used where it falls by plants and only very small 
amounts percolate to the groundwater. 
Differences between the Australian landscape and that in most other parts of the world mean 
that agricultural systems that are sustainable elsewhere do not necessarily transfer to our 
unique conditions.  One major difference is that deeply weathered strata typical of Australian 
geology both transmit and accumulate groundwater, and most of our groundwater and surface 
water systems are poorly drained, leading to the storage of enormous amounts of salt in the 
landscape.  In Queensland, this distribution of salt in the landscape has been mapped as 
naturally occurring sodic soils, as shown in Figure 3. 
 
Figure 3: Naturally occurring sodic soils in Southern Queensland (from DNRQ, 1997) 
Prior to European settlement, groundwater tables in Australia were in long-term equilibrium.  
In agricultural regions, settlers cleared most of the native vegetation and replaced it with 
annual crop and pasture species, which allow a larger proportion of rainfall to remain unused 
by plants and to enter the groundwater (George et al. 1997; Walker et al. 1999).  As a result 
groundwater tables have risen bringing dissolved accumulated salt to the surface.  Patterns 
and rates of groundwater change vary widely but most bores show a rising trend, except 
where they have already reached the surface or during periods of low rainfall.  Common rates 
of rise are 10 to 30 cm/year (e.g. Ferdowsian et al. 2001; Pannell and Ewing, 2004).  Note 
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that this is a generalisation for Australia, and not generally applicable to the Nebine/ 
Mungallala/Wallam area.   
The majority of human-induced land salinisation in the world is associated with irrigation; 
Australia is unusual in that the great majority of its salt-affected land is not due to irrigation.  
Dryland salinity does occur in other countries, but to a lesser extent.  Other countries suffering 
the effects of secondary dryland salinity include the USA (particularly the states of Montana, 
North Dakota and South Dakota), Canada (the prairie provinces of Manitoba, Saskatchewan 
and Alberta), Thailand, South Africa, Turkey, India and Argentina (Pannell et al. 2004). 
“Our clearing of native vegetation for dryland agriculture (such as grazing and 
cropping systems) has allowed too much water to leak into the groundwater 
systems of these landscapes.  This leakage causes water tables to rise and brings 
saline groundwater close to the land surface.  The movement of salt to the land 
surface with rising groundwater in non-irrigated areas is known as dryland 
salinity.”  Walker et al. 1999:3 
Dryland salinity generally occurs when a groundwater system cannot carry all the water put 
into it through leakage.  It has various causes.  In the Australian landscape there are often 
many physical restrictions to groundwater systems.  They include geological formations that 
reduce the size of the aquifer and prevent sufficient groundwater from leaving the catchment.  
Also as the groundwater moves from the upper hills of a catchment to its lower plains, a 
combination of flatter slopes and impermeable soils further restricts the capacity of the 
groundwater systems to carry water. 
 
Figure 4: General Process of Secondary Salinity (from Walker et al. 1999) 
The amounts of salts that accumulate in a soil depend on the amount of leaching which is 
dependent on the amount of rainfall and soil properties.  Clay soils, which occur extensively 
in inland Queensland, generally contain the highest levels of salts.  Soil and parent rock 
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properties largely determine how much water will leak into groundwater systems.  Deeply 
weathered strata will have a high salinity hazard because it readily transmits groundwater. 
Soil structure, texture, pH, sodicity, colour, mottling, and the presence of concretions or 
nodules can be used to determine soil permeability.  Permeable soils such as sands, lithosols, 
kraznozems, or shallow soils overlying weathered or fractured rocks are likely to have high 
rates of ‘leakage’ to groundwater.  Black earth soils with as much as 70 percent clay content 
can be quite permeable because they are well structured.  Soils with low permeability include 
the brigalow grey clays.  Sodic soils (high exchangeable sodium percentage) also have low 
deep drainage rates. 
Watertable salting commonly occurs upslope of landscape features that restrict or inhibit 
groundwater movement or that provide preferential flow paths to the ground surface.  
Examples include (Walker et al. 1999): 
• geological features such as faults or dykes create barriers to water flow so that 
groundwater accumulates upslope of these barriers; 
• heavy soils at the base of slopes or clays deposited at the confluence of streams slow the 
movement of water through the soil or sediments, resulting in watertable rises; 
• when water flowing through relatively permeable rock types or sediments encounters less 
permeable underlying materials, the water flows along the line of the stratum rather than 
through it (these attributes are captured through the process of defining groundwater flow 
systems); and  
• when rock bars or other barriers constrict the throat of a catchment, the rate of 
groundwater flow is reduced and water pools upslope of this point.  Barriers to water 
flow, such as roads or dams, have a similar effect. 
“Short, steep catchments have a low salinity hazard, while long, low, sloping 
catchments have a higher hazard because of the different amount of time it takes 
water to leave these catchments.” Gordon et al., 2005:1 
The amount of water that a groundwater system can carry is called the discharge capacity.  If 
the total leakage from an entire catchment to the groundwater system is less than the 
discharge capacity, salinity should not occur because the groundwater system can cope with 
the supply.  This concept can provide a useful method for estimating a leakage target – the 
allowable leakage for a catchment to avoid dryland salinity.  This can be done by estimating 
the discharge capacity and then using the result to estimate the average leakage over the entire 
catchment.  Generally, the leakage rates under our current agricultural systems far exceed 
these targets (Walker et al. 1999).  
2.3.1 Scalding 
Australian conditions typically prevent salts being flushed from the landscape by leaching.  
The consequence is that saline lakes, streams and land are a natural part of the Australian 
landscape (Walker et al, 1999).  These systems also produce scalds, which may present as 
natural features, or following disturbance. 
The common features of scalds are  
• Mid-slope and flat areas that have become bare of vegetation or that support only 
stunted vegetation; 
• Compacted and hard soil surfaces when dry or eroded; 
• Stone-packed surface appearance if stones are present in the subsoil; 
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• Salt crystals apparent on the soil surface, indicating saline subsoils; and 
• Changed pasture composition, in particular decreased diversity (DNRQ 1997). 
Scalds typically form following removal of vegetation and subsequent erosion to reveal saline 
subsoils.  Without the layer of topsoil, revegetation of these areas becomes difficult or 
impossible.  The presence of fine silt particles and salt on the soil surface forms a water 
repellent crust, making the establishment of seedlings even more difficult (Hughes, 1987).  It 
is possible that significant areas within Queensland, the QMDB and the Nebine-Mungallala-
Wallam catchment may be affected by scalding if precautions are not taken to preserve soils 
and their protective vegetation layers.  Over 590,000 ha of land in Queensland is already 
affected by scalds, as shown in Figure 5.  Note that this picture does not suggest that the entire 
shaded area is scalded.  It indicates different ‘intensities’ of scalding within those areas, since 
scalding typically has a ‘patchy’ distribution. 
 
Figure 5 Areas of scalding in Queensland (Hughes 1987) 
2.3.2 Irrigation salinity 
All irrigation water contains some salts, which may remain on the soil surface or leaves of 
plants after evaporation.  So any irrigation system has the potential to deliver an increased 
amount of salt to the soil.  Resulting problems are greatest in drier environments where rates 
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of evaporation are usually very high.  Salts are less likely to be leached from the soil in such 
low rainfall areas.  Poor quality irrigation water with high levels of salts will have a greater 
potential impact on the soil.  Excessive amounts of water applied by irrigation may move past 
the root zone and contribute to rising water tables.  Leakage from irrigation channels may also 
contribute to rising water tables.  Sodic irrigation water contains high levels of sodium salts in 
relation to calcium and magnesium salts.  It may result in soil dispersion, with consequent soil 
surface sealing, crusting, erosion, poor water entry and poor seedbeds.  The use of efficient 
water application and monitoring systems can minimise many of the problems associated with 
irrigation.  Additional costs may include surface levelling, lining drainage channels, subsoil 
drainage schemes, pumping to lower water tables and mixing saline water with water of better 
quality. 
2.3.3 Climate Dependence of Secondary Salinity 
Walker et al (1999) point out that because secondary salinity occurs as a result of increased 
recharge of rainwater to groundwater, there is a dependence on climate, particularly the 
relative proportions of net rainfall and evaporation.  In determining leakage to groundwater, 
the distribution of rainfall is as important as the total amount of rain.  The sequence of rainfall 
events is critical, particularly for the episodic nature of deep drainage and recharge.  
Seasonality – the particular time of year when most rainfall occurs-is another major factor that 
affects leakage amounts.  The effect of climate and rainfall on leakage to groundwater can be 
simplified into two different types, as follows (Walker et al. 1999): 
1. In wetter areas, normal rainfall can exceed potential evaporation for a period of the 
year, leading to leakage when the excess water cannot be stored in the soil. 
2. In drier areas, leakage is likely to occur mainly as a result of exceptional 
circumstances, such as intense rainfall and flooding that may occur once every 3-20 
years. 
In the winter rainfall-dominated parts of the southern Murray-Darling basin, most of the 
rainfall occurs during the cooler part of the year, when evaporation and hence the amount of 
water the vegetation is using is likely to be low.  Under these circumstances the rainfall 
infiltrating the land must be stored in the soil if leakage is to be prevented.  If the soil already 
contains water that was not used by agricultural plants in the growing seasons, leakage will 
occur more readily. 
In the summer rainfall dominated northern parts of the basin, including the QMDB, most of 
the rain coincides with the period of highest evaporation, thus increasing chances for the 
vegetation to use the rainfall.  However rainfall can often be distributed in short periods.  In 
this case, water moves more rapidly through the profile than plants can extract it, causing 
significant leakage.  
“Thus while leakage is often lower in summer dominated rainfall areas, it is also 
more episodic, and depends on the rainfall sequence.  Summer rainfall can be as 
effective in causing leakage as winter rainfall if it is concentrated over short 
periods.”  Walker et al. 1999:5 
2.3.4 Costs and Impacts of Salinity 
Salinity (as a result of rising water tables in irrigated and non-irrigated areas or the use of 
saline water supplies) adversely affects many areas.  Impacts can occur on-site (farm scale), 
or in downstream areas of the catchment.  Warnick (2005) provides a summary of potential 
costs and impacts due to induced salinity: 
Agricultural production: Water moves into plant roots by a process known as osmosis, 
which is controlled by the relative level of salts in the soil water and the water contained in 
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the plant.  If the level of salts in the soil water is too high, water may flow from the plant roots 
back into the soil.  This results in dehydration of the plant causing yield decline or even death 
of the plant.  Crop yield losses may occur even though the effects of salinity may not be 
obvious.  The salt tolerance of a specific crop depends on its ability to extract water from 
salinised soils.  Some ions (particularly chloride) are toxic to plants and as the concentration 
of these ions increases, the plant is poisoned and dies. 
Water quality: The most significant off-site impact of dryland salinity is the salinisation of 
previously fresh rivers.  This adversely affects the quality of water for drinking and irrigation 
— with serious economic, social and environmental consequences for both rural and urban 
communities.  High levels of salts may impart an objectionable taste to drinking water.  
Chloride in particular has a low taste threshold.  Sodium sulphate and magnesium sulphate 
levels in drinking water may produce a laxative effect and reduce the suitability of a water 
supply for grazing animals. 
Ecological health of streams: Salt interacts with in-stream biota, changing the ecological 
health of streams and estuaries.  The greatest threat to biodiversity is from the loss of habitat 
— both on land and in water.  Riparian zones are particularly at risk as they occupy the lowest 
parts of the landscape where much of the saline groundwater is released to the surface.  Salts 
also help fine matter (e.g. suspended clay particles) to coalesce, allowing more sunlight to 
penetrate rivers.  This, in turn, may lead to more blue-green algae blooms if suitable 
environmental conditions are available. 
Terrestrial biodiversity: Much of the natural vegetation of salt affected areas has been 
destroyed or damaged.  This has caused major changes to the landscape and biodiversity 
including the destruction of remaining natural habitat in many agricultural areas and the 
fragmentation of many wildlife corridors. 
Soil erosion: Dryland salinity is closely linked to other soil degradation issues including soil 
erosion.  Salinity is often associated with prolonged wetness and lack of surface cover and 
therefore increases the vulnerability of soils to erosion. 
Flood risk: Shallow water tables can increase the risk of flooding.  Soils in this situation have 
limited capacity to absorb rainfall, resulting in high rates of runoff.  This can result in damage 
to roads, fences, dams, agricultural land and wetlands. 
Infrastructure and fixtures: Impacts include large decreases in the lifespan of road 
pavements when groundwater levels rise to within 2 m of the pavement surface.  As in other 
situations, capillary action will assist to draw the salt laden water to the surface.  Salt also 
corrodes and destroys the properties of bitumen, concrete and brick structures.  Damage to 
infrastructure including houses, roads and playing fields has been particularly high in a 
number of Australian cities and towns.  Salinity damage has also occurred to country roads 
and farm roads and buildings. 
Social impacts: Salinity also affects people directly in a number of ways.  Effects include: 
• the cost to rural communities of declining population; 
• loss of business (both existing and potential); 
• the cost of rural restructure when farms become unprofitable; and 
• increased health problems due to stress on families affected by change. 
Repair and maintenance costs: Salinity increases repair and maintenance costs for a range 
of services provided for public use.  Road and bridge damage caused by shallow, saline 
groundwater is a major cost to all levels of government throughout Australia.  Many towns in 
Australia also experience salinity-induced damage to footpaths, parks, sewage pipes, housing 
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and industry.  For example the yearly costs to maintain a sports oval may increase by 25 
percent or more when the oval is affected by a high saline watertable. 
Costs of taking preventive action: These relate to the additional cost incurred by the 
community to minimise salinity and rising watertable problems e.g. purchase of rainwater 
tanks; installing sub-surface drainage; using higher specification materials during the 
construction of roads and buildings to increase tolerance to waterlogging and salinity. 
Shortened life span for structures and fixtures: There is a need to replace infrastructure 
earlier than normal due to salinity damage. 
Decrease in income or benefits: These costs include the reduced net value of agricultural 
production from salt-affected farms ($200 million is lost annually across Australia.) 
Environmental costs: Salinity may also indirectly affect people by reducing the quality of 
the natural environment (e.g. where the numbers and variety of wildlife decrease in salinised 
natural wetlands).  (Warnick, 2005). 
2.4 The Current State of Secondary Salinity in Australia and the Murray 
Darling Basin 
The National Land and Water Resources Audit (NLWRA 2001) estimates that the area of 
land in Australia with "a high potential to develop dryland salinity" is currently 5.7 million ha 
and will reach 17 million ha by 2050 (Table 1).  Western Australia has by far the greatest area 
at risk, with 80 percent of the current national total, and 50 percent of the 2050 forecast area.  
The proportion of agricultural land at risk of being affected to some extent by 2050 exceeds 
30 percent in Western Australia and 15 percent nationally.  
Table 1: Current and Forecast Areas affected by dryland salinity (NLWRA 2001) 
Area (ha) State A 
1998-2000 2050 (est.) 
New South Wales 181,000 1,300,000 
Victoria 670,000 3,110,000 
Queensland 48,000 B 3,100,000 
South Australia 390,000 600,000 
Western Australia 4,363,000 8,800,000 
Tasmania 54,000 90,000 
Total 5,706,000 17,000,000 
A NT and ACT excluded, as dryland salinity problems are very minor. 
B Partial figure only; other estimates are closer to 100,000 ha (ABS 2002). 
Pannell and Ewing (2004) argue that the estimates from the National Land and Water 
Resources Audit substantially overstate the areas of land that are or will be actually affected 
by dryland salinity.  The criterion used to identify the area at risk was groundwater table depth 
less than two metres, or between two and five metres and rising, and within the land meeting 
this criterion only a proportion will suffer reduced productivity from the effects of salinity.  
For example, for Western Australia, the current area "at risk" is 4.4 million ha, whereas 
Ferdowsian et al. (1996) estimated that the area where plant growth is affected by salinity was 
1.8 million ha.  More recent estimates based on remote sensing have suggested that the 
current salt-affected area in Western Australia is nearer to 1 million ha.  Nevertheless, there is 
no doubt that the impacts are very extensive, and will become more so. 
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The Murray-Darling Basin Ministerial Council (MDBMC, 1999) estimates that the salt 
mobilisation process across all the major river valleys is on a very large scale, leading to a 
possible eventual doubling of annual salt movement in the landscape and export through 
rivers. This would be a critical future hazard for some rivers and the people dependent on 
them as a source of water. Average river salinities may rise significantly, exceeding the 
critical thresholds for domestic and irrigation water supplies, and the riverine environment. 
MDBMC (1999) indicate that the Macquarie, Namoi, Lachlan, Castlereagh and Bogan Rivers 
of New South Wales and the Condamine–Balonne, Border and Warrego Rivers of Queensland 
will experience drainage salinity rises. The Avoca and Loddon Rivers of Victoria already 
exceed a critical threshold, on average.  “Within 20 years the river salinity at the key 
monitoring station at Morgan in South Australia will have returned to the levels experienced 
in the 1970s and 1980s, overtaking the achievements of the Salinity and Drainage Strategy.”  
(MDBMC, 1999.) 
Biggs and Power (2003a) report on a review of the nature and extent of dryland salinity 
expressions in the Queensland Murray-Darling Basin, concentrating primarily on the eastern 
half of the Basin.  The review builds upon the state-wide survey of salt expressions compiled 
by Gordon (1991), and other historical works for the Basin (Thorburn et al. 1986; Molloy and 
McIntyre 1986; Thompson and Beckmann 1959). 
One hundred and ninety-four salt expressions were identified, affecting a known area of 
approximately 9,428 ha.  Not all sites had a documented area and an estimate of 10 ha each 
for those sites places a lower end estimate of salt affected land for the 194 sites at 10,228 ha.  
Based on experience of previous authors and changes due to climatic variability (areas 
seasonally increasing and decreasing), the currently mapped extent is suggested to be a 
significant under-estimate by approximately 30 percent, with a revised estimate of salt 
affected area suggested to be approximately 14,600 ha. 
“The majority of salt expressions occur on the western fringes of the basaltic uplands in the 
Condamine catchment.  The next most affected areas are the Marburg sandstones and Granite 
Belt landscapes of the upper Condamine and Border Rivers catchments.”  (Biggs and Power, 
2003a:vi) 
Most saline expressions in the Biggs and Power (2003a) survey are small (<25 hectares) and 
many are episodic, expanding during wet phases, particularly wetter winters. Most 
expressions are associated with local flow systems involving surface and near-surface flow 
processes, although a small number of very large expressions exist, resulting from more 
regional scale processes.  A number of urban saline expressions exist, particularly in the 
Warwick area.  Civil infrastructure is currently at risk at a number of sites.  Civil 
infrastructure is also implicated as a causal factor at some sites. 
“Further documentation of sites remains a priority, particularly describing the nature and 
extent of sites not yet re-visited since 1991.”  (Biggs and Power 2003a.) 
Gordon et al. (2005) note that salinity is a major issue affecting extensive areas of Australia; 
however there are varying estimates as to its extent and severity in the state of Queensland.  
ABS (2002) estimated that 107,000 ha of land in Queensland are seriously affected; however 
Gordon (2005) reported a 2001 survey showing only 48,000 hectares of land in Queensland 
seriously affected by induced or secondary salinity (Figure 6).  “Most affected areas are 
coastal or sub coastal.  They are generally associated with basalt or granite geology where the 
average annual rainfall is 400 to 1200 mm” (Gordon, 2005:1). 
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Figure 6: Location of salinity outbreaks in Queensland (Gordon 1991; Pearce 2001) 
The 2002 ABS Survey (ABS 2002; Trewin 2002) was mainly targeted at a reference 
population of farm establishments which answered yes to either or both questions in the 2001 
Agricultural Census regarding having land affected by salinity or using salinity management 
strategies. The main findings of this survey were (ABS 2002; Trewin 2002): 
• At a national level a little under 20,000 farms and 2 million hectares of agricultural land 
were reported by farmers as showing signs of salinity; 
• Nearly 30,000 farms have implemented salinity management practices; 
• Of the agricultural land showing signs of salinity, 800,000 hectares is unable to be used 
for agricultural production; 
• The state most affected by salinity is Western Australia, with 7,000 farms and 1.2 million 
hectares showing signs of salinity; 
• Farms within the regions identified in the National Action Plan for Salinity and Water 
Quality (NAP regions), account for 17,000 farms or 87 percent of farms showing signs of 
salinity and 1.3 million hectares or 66 percent of the area showing signs of salinity.  The 
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NAP region most affected by salinity was Avon (WA) with 2,297 farms and 450,000 
hectares showing signs of salinity; 
• Non-irrigated farms accounted for 1.8 million hectares or 93 percent of the agricultural 
land showing signs of salinity; 
• Farms primarily involved with the production of beef cattle, sheep and grains accounted 
for 16,000 or 82 percent of the farms showing signs of salinity and 1.9 million hectares or 
97 percent of the agricultural land showing signs of salinity; 
• The most common salinity management practices employed were: 
o Crops, pastures and fodder plants for salinity management, 3.2 million hectares  
o Trees for salinity management, 776,000 hectares  
o Earthworks (levees, banks and drains) for salinity management, 208,000 km  
o Fencing for salinity management, with 466,000 hectares fenced 
• Just over 7,000 irrigated farms had made changes to irrigation practices for salinity 
management purposes; 
• The main motivations for implementation of salinity management practices were for: 
o Farm sustainability (66 percent of farmers implementing change saying this 
was of high importance)  
o Environmental protection (56 percent)  
o Increase or maintain agricultural production (54 percent ) 
• The main reported barriers to changing land management practices were lack of financial 
resources and lack of time (35 percent and 21 percent of all farmers reporting these as 
very limiting, respectively).  Lack of information or doubts about likely success were not 
considered by a majority of farmers to be barriers to change (in each case 52 percent of all 
farmers reported these as not a factor). 
ABS (2002) also provides a summary of saline effected areas by State in comparison with 
earlier surveys (Table 2): 
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Table 2: Comparison of three recent surveys on the extent of dryland salinity in Australia (ABS 2002) 
State  PMSEIC 1999 NLWRA 2001 ABS 2002 
 Area of salinity affected land 
(a), '000 ha 
Area at risk of salinity (b), 
'000 ha 
Area showing signs of 
salinity (c), '000 ha 
NSW/ACT 120 181 124
Vic. 120 670 138
Qld 10 n.a. 106
SA 402 390 350
WA 1802 4363 1241
Tas. 20 54 6
NT 0 0 2
Total Australia  2476 5658 1969
(a) As determined by experts; (b) As estimated from water table heights; (c) As reported by farmers. 
The National Land and Water Resources Audit (NLWRA) 2001 used information on water 
table height to estimate the risk of land becoming saline affected.  The area at risk of salinity 
is not equivalent to the area showing signs of salinity, but the two are correlated.  The Prime 
Minister's Science, Engineering and Innovation Council (PMSEIC) 1999 estimate is based on 
expert assessments of the area affected by salinity, and includes non-agricultural land. 
2.4.1 Risk of further development of Secondary Salinity 
Gordon (2005) notes that due to the lengthy lag time for salinity to appear, the area of affected 
land is expected to continue to expand.  An assessment undertaken for the National Land and 
Water Resources audit (NLWRA 2001) found 3.1 million ha of land could be affected by 
salinity in Queensland by 2050.  A salinity hazard-mapping program has completed hazard 
maps for all priority catchments under the National Action Plan for Salinity and Water 
Quality (Moss et al. 2002). 
The risk of salinity in Queensland may be lower than that for southern states because its 
summer dominant rainfall ensures high rates of water use through evaporation and 
transpiration, rather than as deep drainage (Gordon, 2005).  The geology and soil types in 
many areas also may be less conducive to the development of salinity. 
The low stream salinity occurring naturally in the Nebine-Mungallala Catchment, coupled 
with extensive native vegetation retention, relatively low rainfall and high evaporation 
indicates that there is a relatively low risk of rising shallow groundwater tables in that 
catchment (Power, 2005).  Scalding caused by wind and water erosion exposing highly saline 
sub-soils is a more important regional issue (DLWC 1987, DPI 1976, Galloway et al. 1974). 
Local salinisation associated with evaporation of bore water from free flowing bore drains and 
bores is also an important land degradation issue particularly in the lower Nebine, Wallam 
and Mungallala Creeks.  The replacement of free flowing artesian bores and bore drains with 
capped bores and piped water systems under the Great Artesian Basin bore rehabilitation 
program is addressing local salinisation and scalding in the vicinity of bore drains and 
preventing the discharge of saline bore water to streams (Power, 2005). 
2.4.2 Prevention and Control of Dryland Salinity 
Three principles for the prevention and control of salinity in the Nebine Mungallala catchment 
have been identified in this review (Ed Power, Andrew Biggs, Dan Ferguson, Renee Moore 
pers. comm. 2006): 
• Avoid salinity through avoiding scalds – i.e. not exposing the near-surface salt in 
landscape through land degradation; 
• Riparian zone management: Scalding often occurs within 200m or so of watering lines.  
Natural drainage lines are most likely to be overstocked, and thus have potential for 
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scalding.  Scalding begins when vegetation is removed, and without that binding cover, 
wind and water erosion exposes the subsoil (DNRQ 1997); and 
• Incentives for monitoring of exposed or grazed soil areas.   
Whilst the main concern for the possible expression of salinity within the catchment is 
primarily related to scalding salinity, the possible impact of more typical dryland salinity 
cannot be discounted.  This is particularly so if consideration is given to the movement of salt 
in wet years from upslope areas to down slope or run-on areas.  Whilst the water may quickly 
leave the system due to evaporation, the salt can remain, increasing the salt concentrations in 
soils susceptible to scalding. 
Gordon (2005) outlines the management of salinity as requiring a combination of options that 
aim to achieve a balance between the volume of water entering the groundwater system 
(recharge) and the volume of water leaving the groundwater system (discharge).  Different 
management options exist for the three zones of water movement shown in Figure 7. 
 
Figure 7: Model Showing Recharge, Transmission and Discharge Zones (from Gordon 
2005) 
Lowering the watertable can be achieved by: 
• Planting, regenerating and maintaining native vegetation and good ground cover in 
recharge, transmission and discharge zones 
• Increasing groundwater use in recharge areas by pumping water from bores and by using 
drainage to redirect water to other storages 
• Installing bores in discharge areas.  Water of suitable quality can be used to irrigate 
adjacent areas. 
• Installing sub surface drainage 
• Maximising cropping opportunities and avoid fallowing land. 
Other methods of preventing salinity include: 
• Avoid building dams at sites where the watertable is high 
• Locating roads along ridges where disruption to watertables will be minimal 
• Siting houses (and septic systems) away from areas with high watertables 
• Maintaining good pasture cover by conservative stocking rates.”  (Gordon, 2005) 
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Pannell and Ewing (2004) suggest that the main action required to prevent groundwater tables 
from rising is establishment of perennial plants, either herbaceous (pastures or crops) or 
woody (trees and shrubs).  Recent technical and economic research has emphasised how 
difficult it will be to establish sufficient perennials to get control of groundwater tables.  
Where watertables are already shallow, the options for farmers are salt-tolerant plants (e.g. 
saltbush for grazing) or engineering (e.g. deep open drains).  The existing options for farm-
level salinity management are somewhat disappointing; however, there are also a number of 
good prospects for development of new and better options for plant-based management of 
salinity.  
It is much harder to prevent rising water tables and saline discharge than was previously 
thought.  The area of land under perennial vegetation needs to be very great (in excess of 50 
percent in most cases) if salinity is to be controlled at the catchment scale (George et al. 
1999b [unpublished]) rather than just locally (George et al. 1999a).  Increasing the water use 
of existing annual crops and pastures alone is not sufficient.  
Some assets can only be protected by engineering methods.  Examples include a number of 
rural towns in Western Australia for which revegetation of surrounding farms will not help 
(Dames and Moore – NRM, 2001).  
Pannel and Ewing (2004) point out that there is significant variability in the responsiveness of 
groundwater flow systems to management interventions.  Regional-scale systems (e.g. in part 
of the Murray-Darling Basin) are least responsive.  There is greater scope for management of 
salinity in localised systems (more common in Western Australia) although the challenge 
remains very great even there.  
With large areas already affected by salinity and further increases unavoidable even with 
major interventions, options for making productive use of saline land are clearly very 
important.  There has been a rapid growth in interest among farmers in engineering responses 
to salinity, although there remain some areas of controversy and uncertainty about that. 
There also remains considerable interest in the use of perennials for recharge management, 
although efforts are now focused much more than they were previously on developing new 
perennial options that are profitable in their own right, in order to achieve adoption at 
sufficient scale to have an impact on salinity. 
“One cannot expect dramatic action from farmers to address environmental 
problems unless they have available effective management options that are cost-
effective.  If the environmental impacts occur primarily off farm, and a large 
response is required of land managers, the management options need to be 
profitable in their own right …Government policies designed and implemented in 
the absence of suitable options for farmers to adopt have failed badly, despite the 
expenditure of very large sums of public money.”  Pannell and Ewing 2004:np 
As we do not know the precise discharge capacities of our groundwater systems, a 
conservative approach to controlling dryland salinity is to aim for leakage values comparable 
to those under native vegetation (Walker et al 1999): 
“[Land management] changes are not likely to produce quick results.  The excess 
water that has been leaking into groundwater systems combined with the 
timescale of groundwater processes means it is unlikely the effects of an 
instantaneous reduction of leakage will be discernable immediately.  The problem 
can be visualised as trying to empty a huge bath through a tiny plughole.  Thus 
even if we reduce leakage to below the discharge capacity, it still will take some 
time to influence the current salinisation rate.”  Walker et al. 1999:14 
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2.4.3 Salinity Risk Modelling and the QMDB Salinity Hazard Map 
Littleboy et al. (2003) describe a range of projects since the late 1980s that have produced 
salinity hazard maps.  Such modelling is usually undertaken using a composite index method 
in a GIS environment based on spatial data; for example, soils, topography, salt stores, 
climate, and groundwater flow systems data.  Some better-known examples were released by 
Bureau of Rural Sciences, BRS (Dent and Veitch, 2000), New South Wales (Bradd et al. 
1997) and the Queensland Department of Natural Resources and Mines, QNRM (Moss et al. 
2002). The BRS map (Figure 8) was derived for the whole of Australia based on rainfall 
surplus (rainfall in excess of evaporation) overlaid with soils with inherent salinity.  It has 
since been refined using topographic constraints.  The areas of salinity identified are strongly 
influenced by the climatic data.  The map illustrates some areas, especially across northern 
Australia, where salinity is not considered an issue. 
 
 
Figure 8: National Salinity Hazard Map.  (Dent and Veitch 2000) 
In 2002, NRMW released the salinity hazard map for the QMDB (NR&M, 2002a).  Generated 
using a composite index method, it described inherent potential for salinity, and by definition, 
does not include any land use context.  Salinity risk has also been modelled at a finer scale at 
Brymaroo on the north-eastern Darling Downs (Doherty and Stallman, 1992; Smitt et al., 
2001). 
Salinity hazard and risk are distinctly different, but interrelated, concepts that are frequently 
confused.  In Queensland, the distinction drawn between the two concepts is defined below 
(Biggs et al. 2003): 
• Salinity hazard is a function of the inherent characteristics of the landscape that predispose 
it to land or water salinity. 
• Salinity risk is the probability that certain management practices will contribute to the 
expression of land or water salinity in the landscape.  It is measured in terms of 
probability and consequences.  
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Walker et al. (2002) provide a review of salinity assessment techniques in Queensland, 
concentrating particularly on the hazard mapping process adopted for the Queensland Salinity 
Hazard Map.  They describe a ‘composite index’ method that uses expert knowledge to 
integrate existing data, experience and other relevant information into a spatial representation 
of the key landscape attributes associated with salinity.  However, Walker et al. (2002) warn 
that the ability to offer interpretation of the risk of future expression of salinity within areas of 
“salinity hazard” is constrained by available data sets.  Where more spatially detailed data is 
available a refinement of those maps may be possible, using the composite index 
methodology or alternative approaches. 
The key components of the landscape that are represented in a composite index approach are: 
Regolith Salt Store (salt stored in soil) Recharge potential (soil permeability, rainfall-
evaporation, and weathering depth) and Discharge sensitivity (landscape elements most 
sensitive or responsive to landscape management changes (Walker et al. 2002). 
 
Figure 9: Queensland Salinity Hazard Map.  © DNRM 2002 
Biggs et al. (2003) also provide an overview of salinity hazard assessment, as applied to 
salinity hazard assessment and a range of related investigation activities within the 
Queensland Murray-Darling Basin (QMDB) over the last two years.  These authors point out 
that there is now capacity to semi-quantitatively assess salinity risk at the regional/catchment 
scale but agree with Walker et al. (2002) that lack of appropriately scaled data precludes finer 
scale quantitative risk assessment. 
Biggs et al. 2003 point out that modelling of individual components of salinity processes such 
as deep drainage is also occurring, but is not yet used in an integrated, spatial manner.  
Development of an integrated quantitative risk assessment framework is underway, linking 
land, groundwater and surface water models.  This will enable improved understanding and 
delineation of salinity risk areas, timeframes and the impact of salinity on critical assets and 
its environmental, social and economic consequences. 
“Remaining gaps, issues and challenges in salinity risk assessment within the 
QMDB include collection of appropriate data, development of truly integrated 
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models, and the determination of the appropriate scale and method of risk 
assessment that may be applied to different areas.”  Biggs et al. 2003:vi 
Biggs et al. provide a review of six previous approaches to salinity risk assessment that cover 
the QMDB.  The first (Bourke et al., 1999), was conducted as part of the 1999 Murray-
Darling Basin Salinity Audit.  The second involved the revision of that Salinity Audit by 
refining the modelling approach (DNR, 2000). In 2000, the QMDB was assessed as part of 
the National Land and Water Resources Audit (NLWRA, 2001), which used a qualitative 
method.  In the fourth approach, Moss et al. (2001) assessed the hazard and risk potential in 
Queensland cropping lands, including those in the QMDB.  Cook et al. (2003) used a 
mathematical approach to predict shallow groundwater recharge and dryland salinity risk in 
the rangelands of the Murray-Darling Basin, while Power (2000) used a conceptual approach 
to assess salinity risk to high value assets in the QMDB.  
Björnsson and Oehlerich (2001) conducted a risk assessment of aquifers in Queensland, 
which included 20 aquifers in the QMDB.  While not specifically a salinity risk assessment, it 
did include the assessment of a number of attributes relative to salinity.  The Condamine 
River (down river of Macalister) was deemed by those authors as most likely to be at risk of 
water level rise and waterlogging. 
• Webb (2002) reviews and discusses salinity risk assessment methods, and proposes a 
general risk assessment framework for Queensland (Figure 10).  
 
Figure 10: Salinity Risk Assessment Framework (Biggs et al. 2003:5) 
 
Webb summarises three broad groups of methods used in salinity risk assessment as: 
• Composite index methods; 
• Strongly inverse methods; and 
• Trend based methods. 
The composite index method was utilised to develop the QMDB salinity hazard map (NR&M, 
2002a), and used in assessing salinity risk for the National Land and Water Resources Audit 
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(NLWRA, 2001).  Walker et al. (2002) observe that given the currently available spatial data-
sets in Queensland, the composite index approach provides a sound framework for the 
representation of the ‘potential for salt mobilisation’ (or salinity hazard) in Queensland 
landscapes. 
A trend based method was used in the 1999 Basin Salinity Audit (NLWRA 2001) and its 
revision.  Both of these exercises were limited because of lack of shallow groundwater trend 
data.  No specific models were used.  Jolly et al. (1997, 2001) used a trend based approach to 
assess stream salinity trends in the Salinity risk modelling in the QMDB Murray-Darling 
Basin.  Webb (2002) comments “Variability in flow due to climate extremes and episodic 
events make this approach difficult.  In addition, lack of suitable flow and salinity records has 
been a major problem for those who have attempted this approach.”  Jolly et al. (2001) 
observed no significant trends in stream salinisation in the QMDB but commented that the 
1999 Basin Salinity Audit predicted a rising groundwater trend which “is not yet close enough 
to affect the streams but is expected to do so over the next 50 to 100 years.” 
No strongly inverse methods have been applied to date in the QMDB for determining salinity 
risk, although they have been used elsewhere in Australia (e.g. FLAG – Roberts et al. 1997; 
Dowling et al., 1997; Biggs et al. 2003).  These methods use knowledge of where salinity 
expresses itself in the landscape with other information such as climate, topographic position 
and geology to ‘train’ models to predict other potential salinity areas.  Strongly inverse 
methods such as FLAG could be used in the Condamine Catchment where 145 known salinity 
sites occur (Biggs and Power, 2003a). 
Model development is still a considerable distance from the level of precision that is 
envisaged under the Murray Darling Basin Salinity Management Strategy (BSMS) and the 
National Action Plan for Salinity and Water Quality (NAPSWQ).  The salinity risk 
assessment framework in Figure 10 provides a visual overview of the complexity of such an 
integrated risk modelling framework and the elements comprising it.  Modelling guidelines 
are presently being prepared under the BSMS to ensure consistency in the use and quality 
assurance of models by the partner governments in meeting their obligations under the 
Strategy.  Biggs et al. (2003) recommend that there needs to be ongoing development of an 
integrated quantitative modelling framework for salinity risk assessment in the QMDB. 
Significant activity in salinity modelling, particularly deep drainage modelling, has occurred 
during the last two years.  This has been conducted primarily through the NHT project 
“Managing dryland salinity in the QMDB”.  Work has centred on utilising models such as 
GRASP (Littleboy and McKeon, 1997), APSIM, PERFECT and SODICS to estimate deep 
drainage for a range of soil/climate/land use combinations across the QMDB.  Yee Yet and 
Silburn (2003) describe the modelling methods and results across the QMDB, while others 
such as Tolmie et al. (2003) and Foley et al. (in prep) discuss the measurement or estimation 
of deep drainage results at specific sites.  Biggs and Brough (2002) discussed the spatial 
application of the deep drainage data, using land use mapping data such as that of Gutteridge 
and Henry (2002). 
The development and calibration of salinity/flow relationships using the Integrated Quantity 
and Quality Model (IQQM) for the major catchments in the QMDB under the MDBC funded 
Queensland Tributaries Modelling Project provide the surface water/salt routing component 
of a risk assessment modelling framework.  The groundwater-modelling component of the 
framework is comparatively less developed.  Mahawattege (unpub.) prepared a steady-state 
model of the shallow groundwater system in the Moonie Catchment using MODFLOW. An 
output of the airborne Salinity risk modelling in the QMDB geophysical investigations will be 
a groundwater model of the Lower Balonne covering approximately 1.2 million hectares. 
Individual components of the regional modelling framework proposed by Webb (2002) have 
been implemented at various stages, for a variety of purposes, but have only recently been 
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applied from a salinity perspective e.g. Yee Yet and Silburn (2003). The 1999 Basin Salinity 
Audit and the Queensland revision of the Audit (DNR, 2000) only partially integrated 
groundwater and surface water models.  The modelling toolkit being developed by the CRC 
for Catchment Hydrology, the MDBC funded Queensland Tributaries Modelling Project and 
the salinity modelling component of the NAPSWQ State Investment Project will assist in the 
integration of these separate modelling approaches to quantify salinity risk regionally. 
Biggs et al. (2003) argue that ideally, a fully integrated land, groundwater and surface water 
model will improve quantification of the temporal and spatial component of salinity and 
enable quantitative assessment of the potential risk that salinity poses to critical assets at a 
regional/catchment scale.  However, such an aim is still a long way from being achieved.  
Risk assessment at the sub-catchment and local action planning level will primarily rely on 
conceptual modelling in the short to medium term because of a lack of data at the appropriate 
scale, except in areas of the Condamine Catchment and in the airborne geophysical 
investigations area of the lower Balonne, where there is suitably scaled data for quantitative 
modelling. 
Littleboy et al. (2003) agree that there is a myriad of salinity models developed or under 
development across Australia.  A recent stock take of models conducted by URS for the 
National Action Plan for Salinity and Water Quality (URS Australia 2002) contained details 
of over 100 models that can be used to assess salinity management options.  
“While it could be argued that such a vast number of models is overkill, many of 
these models focus on different processes and aspects of salinity.”  Littleboy et al. 
2003:1 
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Table 3: Some examples of salinity models and decision support tools in Australia (from Littleboy et al. 
2003) 
Model Type Area Focus Summary 
Hazard 
BRS 
Queensland 
 
Australia 
QMDB 
 
Landscape 
Landscape 
 
Composite index of climate and soil properties 
Composite index of recharge potential, discharge 
sensitivity and salt stores 
Trend 
MDBC Audit 
 
NLWRA 
 
 
MDB 
 
Australia 
 
Stream 
 
Landscape 
 
Linked rising groundwater model with current stream 
salinity trend to predict future stream EC and salt loads 
Identified current and future areas of shallow water tables. 
Linked to impact assessment on agriculture, urban and 
infrastructure 
Scenario 
BC2C 
 
 
CATSALT 
 
 
MODFLOW 
 
 
FLOWTUBE 
 
 
MDB 
 
 
Catchment 
 
 
Catchment 
to Regional 
 
Catchment 
 
Stream 
 
 
Stream 
 
 
Groundwater 
 
 
Groundwater 
 
Predicts regional scale impacts of afforestation and other 
land use changes on mean annual water yield, recharge, 
and stream salinity 
Evaluates impacts of land use changes in a catchment on 
daily time series of water yields, salt loads and salinities 
exported from the catchment 
Evaluates the effects of management options on aquifer 
behaviour including effects of water usage patterns and 
changes in recharge regime due to land use changes 
A simple groundwater model for examining the effects of 
a range of recharge and discharge options on catchment 
groundwater. 
River Basin 
IQQM 
 
REALM 
 
Catchments 
(NSW) 
Catchments 
(Vic) 
 
Stream 
 
Stream 
 
Salt transport model linked to NSW water allocation 
model (IQQM) to route salt through river networks 
Salt transport model linked to Victorian water allocation 
model (REALM) to route salt through river networks 
Decision 
Support 
LUOS 
 
 
SALSA 
 
Property to 
Catchment 
 
 
Regional 
 
Property 
Planning 
 
 
Regional 
Planning 
 
Evaluates impacts of land use changes at a site on water 
yields and salt loads exported from the catchment. 
Evaluates benefits indices for six additional environmental 
services via a set of analytical toolkits. 
Compares the costs of alternative land use scenarios in the 
Murray-Darling Basin 
 
2.4.4 Accreditation and Peer Review of the QMDB Salinity Hazard Map 
“The scientific methods used to develop the map have been independently 
reviewed by leading scientists, including CSIRO; the National Land and Water 
Audit; and Agriculture, Fisheries and Forestry Australia (AFFA).  The methods 
used have been confirmed as a sound way to show those areas sensitive to land-
use change, and with the potential to develop salinity.”  Salinity Hazard in the 
Queensland Murray-Darling Basin Fact Sheet, DNRM n.d. 
Littleboy et al. (2003) note that local knowledge is used to verify the extent and severity of 
the salinity hazard prior to release to the community.  The advantage of this approach is that 
the cause of salinity hazard (e.g. high discharge potential) is identified.  Consequently, 
management actions can be developed that specifically address the cause for salinity rather 
than a generalist approach to salinity, which may not provide effective outcomes. 
Littleboy et al. (2003) argue that aspects of salinity risk assessment modelling have 
significantly improved for the Queensland Murray-Darling Basin (QMDB) since 2001.  There 
are however, significant gaps/issues that still need to be addressed before an integrated 
modelling framework is available to meet community needs for salinity risk assessment.  
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Such a framework should recognise that there is no single model or methods that can be 
applied over the whole of the QMDB in a satisfactory manner. 
Middlemiss (2001) comments “Best-practice modelling is not primarily a question of 
understanding and implementing the appropriate mathematical techniques, but of 
understanding and implementing an appropriate modelling approach.  That is, the approach 
must be appropriate for the particular site conditions and the stated study objectives.”  
Gilfedder and Walker (2001) comment that a suitable approach to salinity risk assessment will 
involve: 
• Landscape dis-aggregation to a level suitable for consistent application of methods linked 
to the driving processes; 
• Use of a range of methods which are appropriate to model the driving processes at the 
landscape unit level; and 
• Consideration of the temporal dimensions of risk to allow time to implement risk 
minimisation strategies. 
These objectives, particularly the spatial and temporal components, will need to be addressed 
in any future salinity risk modelling within the QMDB.  In the short to medium-term, finer 
scaled salinity risk assessment will only be possible in areas such as the Condamine Basin and 
lower Balonne, where more detailed data is available.  Capture of community based data in 
conjunction with the development of an integrated modelling framework, should be a priority 
requirement for increasing the precision and usefulness of salinity risk assessment and 
predictions. 
Biggs et al. (2003) suggest that implementation of further conceptual modelling would be 
useful, using methods such as the generation of input data using appropriate process models, 
and the spatial representation of the output.  Such activities may be beneficial in highlighting 
target areas in the QMDB, in which future, more detailed systems modelling may be 
undertaken, provided appropriate data is collected. 
SKM (2002) provide a critique of the methods used for the QMDB salinity hazard map. They 
observe that there is no commonly accepted Australian approach for undertaking salinity 
assessments. Different methods apply, according to understanding of processes, quality and 
availability of data and resources available. In areas that are relatively data and (other) 
resource rich, trend based methods have been used to estimate future risk of salinity. In other 
areas, among them the Queensland MDB, salinity hazard has been determined. 
SKM further point out that salinity hazard indicates the relative propensity of certain land 
parcels to develop salinity, should the right conditions (e.g. land use or management practice, 
change in climate) apply.  Identification of areas with high salinity hazard does not provide a 
guide as to salinity risk – the likelihood of salinity actually developing.  Further, the relative 
rating system used in preparing the QMDB map, provides no absolute measure of salinity 
hazard.  It is not clear from the map and method that areas identified as having high hazard 
would rate as such relative to other regions of the basin. 
“Many of the areas identified as having high salinity hazard (e.g. along the lower 
and upper reaches of the Balonne and Moonie Rivers) are believed, on the basis of 
scant data, to have deep water tables.  Although water tables may be rising (based 
on historical trends), they are not predicted to pose any real threat in the course of 
the coming 50 years.”  (SKM, 2002:9) 
SKM conclude that salinity hazard mapping was undertaken using an approach that was 
described by some of Australia’s leading salinity experts as “conceptually sound”.  However 
that endorsement was in the context of its use in informing catchment or regional priority 
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setting and investment in more rigorous assessment of salinity processes and risks.  The 
QMDB salinity hazard map provides an indication of the relative vulnerability of landscapes 
to salinity due to their inherent characteristics.  Investment in construction and monitoring of 
groundwater observation bores and in water balance modelling is required to ascertain the real 
threat posed by salinity in areas with relatively high salinity hazard.  The hazard map provides 
a basis for targeting investment to evaluate the impacts of land use and land use change.  It 
does not provide an adequate basis, on its own, for setting policy in relation to land use or 
land use change. 
2.4.5 Status of Data Collection for Salinity Hazard and Risk Assessment in the 
QMDB 
Biggs et al. (2003) provide a concise summary of the status of data collection for salinity 
hazard assessment.  Their summary is presented more or less verbatim below: 
Groundwater: Drilling programs conducted under both an NHT funded project 
(“Managing dryland salinity in the QMDB”) and NAPSWQ activities have 
installed over 200 shallow groundwater bores in the QMDB during the last two 
years.  The purposes of the drilling programs were threefold; to investigate 
shallow groundwater flow systems; to expand the groundwater monitoring 
network, and; to characterise the regolith.  These activities were primarily targeted 
outside groundwater supply/irrigation areas – mainly in dryland cropping and 
grazing areas.  Investigations have significantly increased the amount of data 
available, particularly in areas such the Macintyre and Lower Balonne floodplains 
and in the Moonie catchment – a catchment excluded from the Murray-Darling 
Basin Salinity Audit because of a lack of data.  However, there is still very limited 
shallow groundwater trend data in these areas, and due to the episodic nature of 
recharge in the QMDB, it may be up to 20 years before a discernible trend is 
observed.  It is obvious that lack of groundwater trend data will be a constraint to 
certain types of salinity risk modelling for some time in the future. 
There are no shallow groundwater monitoring bores in the Paroo catchment and 
very few in the Warrego catchment.  The network of monitoring bores in the 
Maranoa-Balonne, Border Rivers and Moonie catchments is at a regional scale 
compared with the Condamine Floodplains and the Basaltic Uplands where the 
network is at a sub-catchment scale.  As a priority, monitoring bores should be 
installed in the lower Paroo catchment and selected alluvial investigation bores in 
the lower Warrego catchment should be recommissioned as monitoring bores. 
A key activity under the MDBC Catchment Characterisation Project and the 
NAPSWQ has been the development of GFS [groundwater flow system] maps 
based on 1:250 000 scale data for the priority catchments in Queensland.  The 
QMDB was the first of these to be developed (NR&M, 2002b), aided by data 
gathered during drilling programs.  The process included digital capture of 
necessary published geology map data.  As an associated activity, existing 1:100 
000 topographic data has been digitally captured, and a DEM with 25m grid cell 
size created. 
While the GFS data has been sufficient for initial regional scale hazard assessment 
work, a lack of quantitative data limits the confidence in some GFS attributes (e.g. 
responsiveness, transmissivity), of many of the systems.  Until such time as the 
attribute data is quantified, the GFS data will remain limited in its applications.  
Further targeted groundwater investigations and groundwater monitoring data will 
provide better information on groundwater attributes.  Information from recent 
investigations also needs to be used to revise the description and attributes of 
groundwater flow systems.  There needs to be ongoing commitment to upgrade 
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the GFS map and attributes as improved data becomes available from 
investigation and monitoring programs. 
Surface Water: Surface water quality and flow is measured to varying standards 
throughout the QMDB.  The ambient surface water network administered by 
NRMW measures quality and/or flow at 71 gauging stations (Biggs and Power, 
2003b).  Monitoring within the Border Rivers catchment and in the lower Balonne 
and Warrego catchments is shared between NRMW and NSW Department of 
Land and Water Conservation (DLWC) .  In the Border Rivers, NRMW records 
flow at a number of points, while DLWC are responsible for water quality 
sampling. DLWC also operates five of the eleven end–of–valley stations along the 
border (Mungindi, New Angledool, Brenda, Barrigun, Turra). Flow/electrical 
conductivity (EC) relationships are being developed for the eleven end-of-valley 
salinity target sites. These sites are fitted with both continuous flow gauging and 
electrical conductivity monitoring equipment. 
Ongoing monitoring of surface water salinity concentrations and salt loads has a 
high priority.  It is a requirement of the NAPSWQ for Regional Natural Resource 
Management Bodies to set and monitor stream based salinity targets.  
An issue of concern is the representative nature of existing stream salinity 
information.  Most existing information has been collected at regular intervals 
(e.g. quarterly) at existing flow gauging stations.  This does not provide sufficient 
information to understand how flow-salinity relationships vary in flood events or 
how salinity varies along different stream reaches.  Rapid assessment sampling 
methods should be used to improve understanding of flow-salinity relationships 
across the hydrograph, for hydrogeographic units where there is currently 
insufficient data. 
Salinity Surveys: Review of dryland salinity extent has occurred, for the first 
time since the survey of Gordon (1991).  It has increased the knowledge of extent 
and landscape processes in some key areas such as the Granite Belt, but further 
work is required to complete the activity for the QMDB.  Of the 194 sites 
surveyed and recorded on the NRMW salinity sites database, 145 occur in the 
Condamine Catchment (Biggs and Power, 2003a). 
There is a need to continue surveys of dryland salinity extent.  Two of the required 
minimum set of regional targets under the NAPSWQ are: 
• area of land threatened by shallow or rising saline water tables; and 
• extent of critical assets identified and protected from salinity and degrading 
water quality. 
These require knowledge of both groundwater and land salinisation condition and 
trend to set realistic targets. 
Geological Structure: There has not been any significant regional improvement 
in geological knowledge recently, in terms of spatial data.  Existing broad scale 
mapping (1:250,000) has been digitally captured by NRMW as part of NAPSWQ 
activities.  Some significant improvements in knowledge of geological structure 
and regolith properties for the lower Balonne have been gained via the NAPSWQ 
funded airborne geophysics project, but the degree to which this information may 
be translated to other areas is limited.  Locally there have also been improvements 
in knowledge of alluvium in those areas where there has been recent drilling.  The 
improvements in knowledge of geological structure need to be incorporated in 
descriptions of each groundwater flow system. 
__________________________________________________________________________________________ 
Salinity Management  CEEWPR - UNE Page 30 
At a sub-catchment and property scale, topographical maps, aerial photographs, 
bore logs, soils and salinity models (SALCON, 1997) are useful tools in 
interpreting the local geology in addition to geological mapping. 
Soils and Regolith Characteristics: There has been some considerable work in 
[soils and regolith characteristics] recently, particularly the development of soil 
attribute surfaces to support activities such as salinity hazard mapping.  These 
surfaces have been developed from combining/interrogating both site and polygon 
data, and the use of pedotransfer functions (Brough, 2001).  Attribute surfaces 
include: permeability, drainage, Ksat (hydraulic conductivity), soil depth, horizon 
depth, EC, bulk density, salt content, K factor (erodibility).  However, these data 
are generally only available for soil depths of less than 1.5–1.8 metres and many 
soil physical attributes (e.g. Ksat) are poorly informed by locally measured data. 
There is still insufficient data on regolith salt store, although deep chloride 
profiles associated with recent drilling programs provided some valuable data.  
There is also little data on regolith properties such as porosity and hydraulic 
conductivity.  Airborne geophysical investigations have improved understanding 
of regolith salt stores and geological structure for the lower Balonne, but there are 
still significant information gaps in the QMDB.  There needs to be targeted 
capture of soil and regolith information in high salinity hazard areas to improve 
knowledge and capacity to minimise salinity risk. 
Land Use/Cover and Land Management: Land use/land cover and land 
management are critical elements in salinity risk assessment.  Coram et al. (2001) 
suggested a critical activity should be to monitor and evaluate the effectiveness 
and efficiency of management activities.  They identified an inability by the states 
to easily describe the efficiency and effectiveness of investment in salinity 
management, due to poor monitoring and evaluation of land use and management 
impacts. 
Historically different projects have mapped land use attributes across all or part of 
the QMDB, for a variety of purposes.  These include Kuhnell (unpub), MDBC 
(1995), CBWC (2001), IIGIS (NR&M, in prep) and Gutteridge and Henry (2002). 
The latter is the most recent attempt, and merged statistical data with vegetation 
mapping, valuation data and Landsat imagery. Witte (in prep) is currently 
mapping land use in the QMDB according to the Australian Land Use Mapping 
standard (BRS, 2002). Witte also prepared the base mapping in the Condamine 
Catchment for the MDBC funded Landmark project. The Landmark project is 
mapping land use and management practices in the dryland farming areas of the 
Condamine Catchment between Millmerran and Chinchilla to evaluate the level of 
adoption of ‘current recommended practices’. The Statewide Landcover And 
Trees Study (SLATS) program produces estimates of woody cover and change on 
a 2 yearly interval using Landsat TM imagery (NR&M, 2003). 
Ongoing availability of current land cover, land use and management information 
is a priority. The National Framework for Natural Resource Management 
Standards and Targets recommends that targets are set and monitored for: 
• Area revegetated; 
• Land cover –perennials; 
• Streambank or riparian zone protection; and 
• Uptake of best practice management of natural resources. 
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All require land use and land cover mapping, while the last target requires 
information on land management. 
Biggs and Power (2003b) reviewed the current monitoring networks in the Basin, and 
highlighted a number of deficiencies. These included: 
• Lack of integrated and coordinated monitoring framework involving all stakeholders; 
• The spatial distribution of groundwater, surface water and land monitoring sites is 
inadequate to monitor and evaluate the salinity processes in the groundwater flow systems 
and streams of the QMDB; 
• Temporal variation, especially in groundwater depth and electrical conductivity in streams 
is not adequately captured, except at end-of-valley monitoring sites where time series 
electrical conductivity monitoring was installed in 2002; 
• Standards for the collection and accuracy of primary data vary widely. The quality of data 
collected through co-ordinated community funded/administered projects has improved 
over time, but data collection standards still need to be improved; 
• Costs and logistics to implement, manage and maintain monitoring systems are rising. 
NRMW’s surface and groundwater monitoring networks are regional scale and provide a 
framework for local networks to link with. NRMW does not have the resources to 
significantly extend its surface water and groundwater monitoring networks; 
• Data management and evaluation is uncoordinated and under-resourced across 
stakeholders. Issues such as custodianship, data management, storage and evaluation need 
to be resolved; 
• Ready access to data and information is a problem; 
• Land use and management information has been collected on a project by project basis. 
There is no ongoing commitment to regularly collect and analyse land use and 
management data, a fundamental data set in salinity risk assessment and prediction. 
“The issues above require resolving in the development of an integrated regional 
salinity and water quality monitoring framework, which forms a critical component 
of the Regional Natural Resource Management Monitoring, Evaluation and 
Reporting Framework.” Biggs et al. 2003:13 
Biggs et al. (2003) conclude: 
“The key challenges in spatial modelling of salinity risk relate to: 
• adequate input data; 
• knowledge and understanding of relationships between landscape attributes and 
processes; 
• ability to adequately develop and choose appropriate models and methods; 
• having the technical skills to realistically model salinity risk scenarios; 
• spatial representation of models; and 
• addressing community and resource managers expectations that often exceed the 
scale/capacity of available data.” 
McNeil and Horn (1997) also point out poor datasets in western areas and poor connectivity 
of shallow groundwater systems with rivers.  A considerable resource of further information 
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on groundwater systems in the Murray-Darling Basin can be found in Skelt et al. (2004). In 
particular, for the Narrabri subsystem of the Great Artesian Basin, Skelt et al. (2004) note that 
groundwater levels in the Condamine area continue to decline: 
• In marginal areas where salinity precludes use, some levels are rising; 
• There is insufficient data for the western Darling region; 
• Rising water levels resulting from clearing of land are evident in highland areas marginal 
to the main aquifers; 
• Due to high groundwater extraction rates in the broad alluvial valleys emerging from the 
highlands, movement of more saline water into the good quality resource threatens 
groundwater quality; 
• Movement of more saline water from adjacent highlands systems threatens water quality 
in the marginal Narrabri Subsystem; 
• Declining groundwater levels are exacerbated in dry years as a result of the effects of 
using surface water where there is good connection between groundwater and surface 
water systems; 
• In the Central West Highlands salinity issues are emerging which will impact surface 
water quality and hence the quality of recharge waters in the future; and 
• Groundwater pumping has reached unsustainable levels in some groundwater irrigation 
areas. (Skelt et al. 2004). 
2.4.6 Future Directions for Salinity Modelling 
Littleboy et al. (2003) attempt an outline of future directions for salinity modelling, 
recognising that models have been developed for a range of specific applications; hazard 
mapping, trend forecasting, assessing scenarios and river basin modelling. The diversity of 
models also reflects the major biophysical processes causing salinity that varies across 
Australia. To overcome some of the current duplication within salinity modelling in Australia, 
there are some strategic directions that should be followed. There is little doubt that 
biophysical models are valuable tools to investigate management options. In his review of 
crop yield models, Ritchie (1991) reported six criteria against which specification of the ideal 
model could be matched. According to Ritchie, the ideal model should have: 
• balance between all component processes; 
• general applicability in space and time; 
• realistic data requirements; 
• ability to be linked with other models; 
• structured programming; and 
• user-friendliness. 
In addition to Ritchie’s criteria, there are some other important considerations. 
• Access to the necessary and competent skills and training to apply the model; 
• transparency of the model; its structure, algorithms, underlying assumptions, and honest 
statements of model strengths and deficiencies; 
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• confidence in how well the model represents reality or the validity of the model; and 
• quantification of uncertainty in model predictions. 
One of Ritchie’s criteria especially relevant to salinity modelling is the ability to be linked 
with other models. There are no integrated modelling frameworks currently available in 
Australia that capture all aspects of salinity management. However, many components of such 
a system exist and substantial progress is being made towards integrated frameworks. 
Some specific needs are: 
• better integration of scenario and trend models so that the impacts of land use scenarios on 
future salinity trends can be assessed; and 
• better integration with models and decision support systems used for other Natural 
Resource Management issues so that the impacts of intervention strategies on a range of 
environmental benefits can be assessed. 
2.5 Further investigations in the Nebine-Mungallala 
The risk of stream salinity increasing to any extent in the Nebine-Mungallala Catchment is 
presently low, given the relatively high level of retention of remnant vegetation in the 
catchment.  However, with increased land clearing and land-use change in recent years, there 
is a need to establish better baseline information on the shallow groundwater systems and 
salinity processes in the catchment. This should involve the examination of all available 
stratigraphic logs and existing shallow groundwater records in Quaternary and Tertiary Age 
deposits.  The need for additional monitoring bores in Quaternary Age alluvium in the 
vicinity of the lower Nebine Creek needs also to be carefully considered. 
2.6 Implications for this study 
The major implication for this study with respect to salinity within the catchment is that 
although the major focus of ‘salinity’ in Australia and the QMDB tends to be directed towards 
dryland and irrigation salinity, here the focus needs to be on scalding salinity.  In addressing 
the disconnection between the perceptions of landholders of salinity in the landscape and the 
predictions of various models of the impacts of salinity, the most likely and most immediate 
form of salinity that may manifest within the catchment is scalding salinity.  In attempting to 
increase the awareness and understanding of salinity as an issue, and to have landholders 
implement some form of monitoring either on individual properties or collectively, a focus on 
the identification, prevention and in some cases remediation of scalding appears to be the 
most promising route. 
Three principles for the prevention and control of salinity in the Nebine Mungallala catchment 
have been identified in this review : 
• Avoid salinity through avoiding scalds – i.e. not exposing the near-surface salt in 
landscape through land degradation; 
• Riparian zone management: Scalding often occurs within 200m or so of watering lines. 
Natural drainage lines are most likely to be overstocked, and thus have potential for 
scalding.  Scalding begins when vegetation is removed, and without that binding cover, 
wind and water erosion exposes the subsoil; and 
• Incentives for monitoring of exposed or grazed soil areas. 
There is a scarcity of information on the presence and movement of groundwater within the 
catchment.  Due to this lack of data, what can be described as a ‘best guess’ approach to 
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assessment of salinity hazard across the catchment has been undertaken, as described in 
Section 2.4.4.  The recommendation of Littleboy et al. (2003) needs to be observed to gain 
any benefit from the QMDB salinity hazard map, namely, that local knowledge must be 
applied to verify the severity and extent of salinity hazard, and that specific management 
actions need to be developed, rather than the application of generalist approaches across the 
whole catchment.  Consideration needs also to be given to the monitoring of groundwater in 
priority sites within the catchment to develop a more robust understanding of the cycles and 
movement of groundwater. 
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3 Methods and Outcomes 
This project has been undertaken by utilising a series of well known and robust approaches to 
the development of sustainable community outcomes in the management of complex and 
uncertain environmental problems.  As discussed in Section 1.2, the methods used in this 
study include stakeholder workshops, landholder surveys, a review of pertinent literature, 
undertaking new scientific investigations, the iterative development of decision support tools, 
technical scoping and project team learning and capacity building.  Each of these methods 
form part of a transdisciplinary and integrated approach.  Many of the methods described here 
actually occurred simultaneously during the course of the project – the order in which they are 
presented here reflects neither a hierarchical nor chronological order.  Most of these activities 
were carried out iteratively, and insights gained from each method were fed back into the 
other methods.  This approach reflected the shared learning approach that underpins this 
study.  
3.1 Workshops 
Stakeholder workshops are an important element in the development of a sound body of local 
knowledge of the extent and severity of salinity.  These workshops also allow for the gauging 
of landholder knowledge and awareness of salinity in the landscape.  Third, such workshops 
can act as a vehicle for the distribution of information and skills regarding the science and 
interpretation of salinity within the local landscape.  Last, these workshops can act to bring 
stakeholders together to develop a common understanding of monitoring and assessment of 
landscape processes in general, and salinity in particular.  This project involved three field 
visits, in March, May and June, and these are discussed in the following Sections. 
3.1.1 March 
In March 2006 three workshops were held in the catchment, at the lower end of the Nebine at 
‘Black Bank’, on the middle Mungallala at Bollon, and at Mungallala in the upper Mungallala 
catchment.  These workshops are described in some detail in Section Error! Reference 
source not found..  The primary focus of these workshops was to come to grips with the 
prevailing understanding, attitudes and activity of landholders with respect to salinity in the 
landscape.  To this end the workshops were very participant focussed, involving structured 
stakeholder dialogue. 
Common themes that emerged from all three workshops were that salinity is not perceived as 
a major issue within the catchment.  Many landholders were aware of naturally salt-affected 
areas, but felt that these were for the most part stable and long-term elements of the 
landscape.  On the issue of scalding, landholders in the south of the catchment attending the 
workshop were almost universally able to identify that they had scalded areas on their 
properties, that may or may not have been related to salinity.  In contrast, landholders at the 
Mungallala workshop were almost totally unaware of scalded land or natural salt expressions 
within their local area.  Many participants also requested information regarding the 
identification and awareness of salinity within the landscape.  Equally apparent was the 
feeling that salinity was interrelated with many other landscape processes and management 
issues, such as fire, vegetation thickening, grazing land management, bore drains and so on.   
3.1.2 May 
A field trip in May was a scientific scoping, capacity building and direct landholder 
interaction activity.  A complete report of this trip is included in Section 7.1.1.  Whilst the 
workshops held in March were primarily a listening exercise, gaining as much information as 
possible about landholder perceptions, this field trip involved an attempt to test and observe 
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some of those perceptions.  Matthew Gray and Renée Moore travelled from Charleville to 
Bollon, Bollon to Mungallala, and back to Charleville, sampling soil and vegetation along the 
way, and visiting two properties at the invitation of the landholders, ‘Charlton’ near Bollon, 
and ‘Glenelg’ near Mungallala. 
3.1.3 June 
On the 6th and 7th of June two field days were held, at Culgoa Floodplain National Park on the 
Nebine Creek, and at ‘Charlton’ near Bollon.  The complete report for these field days is 
included in Section 7.1.2.  The explicit intent of these field days was to present techniques to 
landholders for the assessment of landscapes and soils in the context of possible or actual 
salinity expression.  The draft landscape assessment booklet developed during this project 
was given to participants, who were asked to provide feedback on its usefulness and 
applicability to their situation.  One of the participants at the field days was Andrew Biggs of 
NRMW, who came equipped with a hydraulic spoil coring rig (as shown in Figure 33).  His 
expertise in the understanding and analysis of soil and landscape processes was shared with 
landholders and other participants, and served as a strong science-based underpinning for the 
information that was shared at the field days. 
3.1.4 Summary 
The workshops, field days, farm visits and tours provided an important opportunity to really 
come to grips with the landscape within the catchment and the way that landholders relate to 
their catchment.  This meant that the responses that this team were able to make were much 
better tailored to the needs of the landholders, and appropriate for the landscape.  This 
approach reflects the theoretical perspective that the researchers have brought to this project, 
namely, that problem context is all important when addressing complex socio-economic-
environmental problems. 
3.2 Survey 
Researchers at the University of New England have previously used a landholder survey as a 
mechanism for gauging the understanding by landholders of management approaches in 
dealing with dryland salinity (Hooper, 1995).  The success of this previous study prompted 
the use of the approach for this project.  On the 25th of May SW NRM posted out 250 surveys 
to properties within the catchment.  Of these, 53 were returned by the post office.  The 
respondents were asked to return their surveys by the 7th of June (two weeks), and by the 14th 
of June some 15 surveys had been returned.  This gave an 8 percent return rate.  The survey 
instrument itself consisted of a series of multiple choice or short answer questions with space 
to provide additional comment with most questions.  The full text of the survey, along with 
the letter sent out with the survey, is provided in Section 7.2. 
3.2.1 Results 
Of the 15 surveys returned, only two did not provide extra comment in addition to the choices 
provided, and a number of responses involved quite lengthy discussion.  It appears that some 
people saw the survey as an opportunity to ‘let off steam’ about issues other than salinity, 
such as wild dog trapping or vegetation clearing. 
The follow table summarise the responses to the survey, including percent values (and raw 
numbers).  Note that for some questions more than one answer may be provided, so that 
values may sum to more than 100 percent.  For many of the questions there was no response 
provided. 
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1. Which of the following best describes your enterprise  
Sheep 7% (1) 
Cattle 33% (5) 
Sheep & cattle 53% (8) 
Stock and crops 7% (1) 
Other 0 
 
2. Where is your property located? 
Balonne Shire 27% (4) 
Booringa Shire 27% (4) 
Murweh Shire 13% (2) 
Paroo Shire 20% (3) 
Warroo Shire 13% (2) 
 
3. What signs of salt occurring in the local landscape have you seen? 
Naturally occurring salt pans / salt lakes (primary salinity) 21 % (3) 
Saline clay sub-soils exposed due to erosion of top soil (scalding) 7% (1) 
Shallow groundwater rising bringing salt to the surface (dryland salinity) 0 
Salt left on the surface from groundwater which has flooded out of a bore drain 36% (5) 
Stream salinity caused by intrusion of salty groundwater 0 
From irrigation water bringing shallow groundwater and salt to the surface 
(irrigation salinity) 
0 
I have not seen any significant signs of salt in the landscape 57% (8) 
Other 7% (1) 
 
4. Where have you seen occurrences of salt in the landscape (if any)? 
Surrounding creeks and drainage lines 33% (1) 
Hillsides 0 
Sandy country where bore drains have failed and flooded out 66% (2) 
Open grasslands 0 
Claypans 33% (1) 
Open woodlands 33% (1) 
Dense woodlands 33% (1) 
Other 66% (2) 
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5. Where do you think salt is likely to appear in the landscape? 
Surrounding creeks and drainage lines 20% (2) 
Hillsides 0 
Sandy country where bore drains have failed and flooded out 50% (5) 
Open grasslands 0 
Claypans 40% (4) 
Open woodlands 10% (1) 
Dense woodlands 10% (1) 
Other 20% (2) 
 
6. What land management practices could be linked to occurrences of salinity in the N/M/W? 
High total grazing pressure causing low groundcover and increased erosion, 
exposing salty subsoils 
25% (3) 
Increasing tree and shrub densities causing low groundcover and increased 
erosion. 
42% (5) 
Removal of deep rooted vegetation (trees and shrubs) causing shallow 
groundwater to rise 
0 
Poor irrigation practices causing increased water to percolate into shallow 
groundwater 
0 
Other (none) 17% (2) 
Other 17% (2) 
 
7. What current or potential impacts are likely to occur as a result of salinity in the N / M / W?
Damage to road infrastructure and buildings 0 
An increase in scalds leading to a significant reduction in productive land 50% (5) 
An increase in scalds leading to significant land degradation and biodiversity loss 10% (1) 
An increase in surface water salinity causing a loss of in-stream biodiversity 0 
Other 50% (5) 
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8. Do you think salinity has the potential to increase over the next… 
5 years 0 
20 years 0 
50 years 27% (3) 
100 years 0 
200 years 36% (4) 
No 18% (2) 
Other 27% (3) 
 
9. Is it worthwhile to further investigate salinity in the Nebine / Mungallala / Wallam 
catchment? 
Yes 50% (7) 
No 50% (7) 
 
10. How do you view the importance of addressing salinity issues in relation to broader 
natural resource management issues? (1= very low relative importance and 5= most important 
issue) 
1 69% (9) 
2 8% (1) 
3 15% (2) 
4 0 
5 8% (1) 
 
 
10. [sic] What information would be helpful to make informed decisions about salinity 
Information on geology and groundwater 27% (3) 
Soil profiles showing where salt may occur in different land types 73% (8) 
Information on plant species that occur in salt affected areas 55% (6) 
Grass / tree relationships with reference to soil erosion and salinity 36% (4) 
Influence of climate change on rising water tables  9% (1) 
Other 9% (1) 
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11. If we were to monitor salinity what would be your preferred method? 
A confidential landholder monitoring network to measure ground and surface 
water 
20% (2) 
Regional bodies and landholders measuring salt in creeks and drainage lines  50% (5) 
Private consultants undertaking geological/soil surveys to determine risk 20% (2) 
Regional bodies measuring change in size of existing scalds through satellite 
imagery 
10% (1) 
Other 10% (1) 
 
12. Is it worthwhile to attempt to rehabilitate scalded areas? 
Yes 0 
Yes, but only where government funding can be obtained to assist landholders 
in these efforts 
64% (7) 
No, it does not make economic sense to rehabilitate scalded areas 18% (2) 
Other 27% (3) 
 
13. What management approaches would you like to see implemented to address potential or 
actual salinity? 
Fencing scalded areas to rehabilitate through excluding stock 36% (4) 
Fencing areas which have the potential for scalding to manage grazing 
pressure 
27% (3) 
Mechanical rehabilitation of scalds (e.g. ponding, ‘busting’ soil crusts) 36% (4) 
Trialling of salt tolerant plant species 55% (6) 
Revegetation of recharge areas 0 
Revegetation of discharge areas 18% (2) 
Other 18% (2) 
If one takes the highest rated response for each question an interesting pattern emerges: 
1. A majority of responding enterprises run both sheep and cattle. 
2. Responses come fairly evenly from all shires. 
3. A majority of respondents have not seen any significant signs of salt in the local landscape 
4. Of those who have seen occurrences of salt in the landscape, it has been in sandy country 
where bore drains have failed and flooded out. 
5. The place thought most likely to be where salt may appear in the landscape is in sandy 
country where bore drains have failed and flooded out. 
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6. What land management practices could be linked to occurrences of salinity in the N/M/W?  
Increasing tree and shrub densities causing low groundcover and increased erosion. 
7. What current or potential impacts are likely to occur as a result of salinity in the N / M / W?  
An increase in scalds leading to a significant reduction in productive land 
8. Salinity has the potential to increase over the next 200 years 
9. Is it worthwhile to further investigate salinity in the Nebine / Mungallala / Wallam 
catchment? 50/50 split 
10. How do you view the importance of addressing salinity issues in relation to broader 
natural resource management issues?  Very low relative importance 
10. [sic] What information would be helpful to make informed decisions about salinity?  Soil 
profiles showing where salt may occur in different land types 
11. If we were to monitor salinity what would be your preferred method?  Regional bodies 
and landholders measuring salt in creeks and drainage lines. 
12. Is it worthwhile to attempt to rehabilitate scalded areas? Yes, but only where government 
funding can be obtained to assist landholders in these efforts. 
13. What management approaches would you like to see implemented to address potential or 
actual salinity? Trialling of salt tolerant plant species. 
3.2.2 Analysis 
The response rate for this survey can be compared to the previously cited survey by Hooper 
(1995).  That survey claimed an 83.6 percent response rate from 165 farm households, 
compared to an 8 percent response rate from 197 addresses for this survey.  It is unclear 
however how many of these addresses actually correlated with separate farm households or 
businesses, so it is possible that the response rate may have actually been higher than 8 
percent. 
The 1995 survey gave an eight-week response time for the survey, with a follow-up mailing at 
that time.  This is compared with a two week response time given for this survey.  Adding the 
contributing factor of limited mail services to the isolated properties in much of the 
catchment—some properties only send and receive mail two days per week—this short time 
to respond may have been a disincentive for people to return their surveys. 
It must be noted the 1995 survey was done in an area where dryland salinity was an issue and 
problem for many landholders and expressions of dryland salinity were affecting a number of 
landholders.  In south west Queensland expressions of salinity are not so prevalent as they are 
in areas with higher rainfall, and the lack of water in the Nebine-Mungallala-Wallam 
catchment means that any issues with salinity are less obvious. 
The current drought conditions may have also played a part in the response by landholders to 
this survey, since most graziers are busy having to hand feed and water stock over most of the 
catchment.  In addition, changes in land clearing and fodder harvesting regulations have 
placed additional pressure on graziers who are either unable to cut or push mulga to feed 
stock, or unable to clear or thin thickened woody vegetation. 
Such circumstances leave people with little time and energy for dealing with an issue that they 
consider at best to be non-urgent and at worst to be a beat-up by the State government to 
further its political ambitions.  As one respondent wrote: “ Salinity is a political tool being 
used by Beattie [Peter Beattie, Premier of Queensland] to scare his greeny voters into voting 
for him because he is beating his chest and claiming to address salinity problems not 
substantiated by science”.  
__________________________________________________________________________________________ 
Salinity Management  CEEWPR - UNE Page 42 
Finally, the framing bias of the questions may have played some role in the willingness of 
participants to complete and send in their surveys.  Personal feedback from some landholders 
seems to confirm this.  For example, asking questions about recharge and discharge areas 
implies that particular models of water infiltration, groundwater movement and groundwater 
discharge are relevant and applicable to the catchment; it has been suggested that although 
these models apply in higher rainfall catchments, their validity for this catchment has not been 
established. 
Again, several questions asked specifically about ‘salt’, yet ‘salinity’, ‘scalding’ and ‘salt’ are 
all different terms, with very different meanings to landholders.  Most expressions of 
‘salinity’ are unlikely to result in visible ‘salt’ on the surface.  For example, questions 4 and 5 
both were framed using the word ‘salt’, and both had majority responses regarding bore 
drains.  It is likely that people are responding to an image similar to that shown in Figure 34.  
Indeed, the most likely place that landholders will see the development of salt on the surface 
is near bore drains, because the presence of water allows the movement of salt to the surface.  
However, this is arguably not the most important manifestation of salinity in the catchment. 
3.2.3 Summary 
The survey generally received a relatively poor response compared to other surveys.  There 
are a number reasons why this may have been the case, including logistical issues, broader 
psycho-social constraints, and possible perceived framing bias.  That said, the responses that 
were obtained provided important information that the understanding and perceived relevance 
of salinity within the catchment is very limited with a majority of respondents considering 
salinity as of very low relative importance.  If the people who actually responded thought the 
issue was of very low relative importance, it is possible that those who didn’t respond thought 
it wasn’t an important enough issue to even respond to the survey. 
It is likely that in future such surveys will need to be conducted in a different format, such as 
single-farmer interviews involving open ended questions, a technique which has proved 
useful in eliciting real views from landholders in previous studies (see Hooper 1995).  A 
series of open-ended questions were developed as a preliminary text for the survey (see 
Section 7.2) and these could be adapted for this purpose. 
3.3 Decision support tool 
The feedback that was obtained through the structured stakeholder workshops in March 
indicated that most people would welcome some form of decision support or information tool 
to help them to better understand and recognise potential salinity within their landscape.  To 
this end a draft tool was produced as a small illustrated booklet, which presented some of the 
underlying concepts techniques for assessing salinity risk.  This draft tool was provided to 
participants at the two field days held in June, and posted out to people who had identified 
themselves at the March workshops as being willing to test such a tool.  Additional copies 
were also sent out to other workshop participants. 
The feedback that was gathered regarding the booklet indicated that revision was required to 
make the booklet less explicitly focused on salinity, as many landholders who had not already 
recognised the importance or impact of salinity in the landscape would not pick it up if it 
appeared that its main focus was salinity.  In addition, the structure was changed in two ways.  
The protocols for measurement of soil and water salinity were reconciled with the 
‘Monitoring Made Easy’ booklets produced by SW NRM, and both booklets were improved 
and upgraded to provide landholders with consistent methods and protocols.  This was done 
in collaboration with SW NRM staff.  The structure of the booklet was also changed slightly 
to provide a form of ‘check-box’ self-assessment of property, including landscape features, 
soil type, vegetation, and soil and water salinity testing.  This booklet is shown in Section 
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7.2.1.  At the time of writing this report the final reviewed booklet was still with the staff of 
SW NRM, but the draft provided gives a good idea of the form and content of the booklet.  
The ultimate aim of the booklet is to form part of a toolkit consisting of a range of equipment 
including salinity meters and sampling equipment that can be borrowed from SW NRM or 
used with SW NRM staff.  The booklet will ultimately form an important part of a process of 
landholder salinity risk self-assessment. 
3.4 Mapping 
Within the data that have already been collected and documented for the catchment there 
exists a large data set of vegetation, soil, geology, topography and land system mapping.  
These data have been obtained from by SW NRM from NRMW and are available for 
interrogation with respect to sites of potential salinity and areas of greatest priority.  One such 
map has been created from these data and is shown in Figure 2.  A map of all soil types within 
the catchment is shown in Figure 11. 
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Figure 11 NMW Catchment (red outline) showing land units and locations of soil salinity sample sites.  
Roads are shown in black/blue. 
These mapping data also have correlated soil test data, shown as a small cross.  These data are 
held in the SW NRM GIS and are able to be used by them for the assessment of priority areas 
and individual properties in the assessment of scalding and salinity hazard.  For example, for 
the field day at ‘Charlton’ near Bollon a map of the local area was produced showing land 
systems and soil types and the location of any pre-existing soil test sites.  The land system for 
the field day site was one which is identified as being susceptible to scalding salinity. 
Important features to note regarding the WARLUS (western side) and CSIRO (eastern side) 
studies are:  
1. That the studies use different land units, such that the two maps don’t agree (enquiries 
indicate that NRMW are working on fixing this); 
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2. The CSIRO study uses much broader definitions that incorporate into single units many of 
the subsections shown in the WARLUS study;  
3. The WARLUS land units shown incorporate combined land unit categories, blowing out 
the number of land units shown in Figure 11 far beyond the thirty-four shown in the original 
study.  This typically occurs where there are intermixtures of different land systems at a patch 
scale too small to map, so they are indicated by a combined label; and 
4. The number of soil samples shown taken in the western portion of the NMW catchment is 
greater than the number taken for the eastern portion of the catchment.  The number of soil 
samples taken within each land unit (for the WARLUS study at least) was proportional to the 
overall area of that land unit.  The salinity readings taken within each land unit were then 
extrapolated to cover the whole land unit.  One can see that the combination of broad 
landscape units used in the eastern portion, and the relative sparseness of sample sites, makes 
the apparent reliability of the salinity assessment for the eastern portion questionable.  More 
data may be required. 
Much progress has been made in this project in understanding the requirements for and 
usefulness of mapping using the different land system units derived from the WARLUS and 
CSIRO studies.  Further refining these maps with other data layers should allow much greater 
prioritisation of areas that require investment to prevent or remediate salinity scalding.  For 
example, Figure 3 shows areas of naturally occurring sodic soils.  It appears from this figure 
that most of the catchment has relatively low levels of sodic soil.  However, the Warrego 
flood plain has very high levels of sodicity, and these highly sodic soils extend into the south 
west corner of the catchment (probably in areas where in peak flood times the water from the 
Warrego crosses over into the lower Nebine (Ed Power, pers. comm.)). 
The usefulness of mapping is progressed even further when the land system maps such as 
shown here is overlaid with satellite or aerial imagery.  Scalded areas can already be seen 
from such images (such as shown in Figure 32), and the integration of these images with land 
system maps allows for the targeted identification of scalds that appear on sodic or saline soils 
compared with non-saline scalds. 
3.5 Technical scoping 
The field trips to the catchment in March, May and June provided an opportunity for direct 
technical scoping of the on-ground assessment of salinity hazard by land managers.  The trip 
in May in particular allowed for the assessment of the applicability of standard monitoring 
techniques within the unique environment of the catchment.  It also allowed for the ground-
truthing of elements of the mapping process, in particular the assessment of extant vegetation 
types compared with the mapped vegetation, data for which are between 15 and 30 years old. 
Technical scoping also involved discussing with soil- and geo-scientists possible new and 
complementary techniques for salinity hazard mapping to the direct measurement and 
extrapolation to similar land systems that has formed the basis of current knowledge of 
regolith salt loads and groundwater.  Such techniques include electro-magnetic surveys and 
the creation of a piezometer grid for the monitoring of groundwater.  At the time of writing, 
these techniques had not been recommended, due largely to the high cost of such techniques 
and potentially quite limited use of data that may be obtained.  Any such monitoring 
techniques will need to be highly targeted to ensure maximum cost effectiveness. 
This project has presented the researchers with what may be regarded as a classic ‘limits of 
science’ problem.  While some research has been undertaken in the past to try to understand 
how the land systems function within south west Queensland, there has been very little 
follow-up work to ‘repeat the experiment’, to test the hypotheses that science would typically 
construct to allow the system to be understood. 
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Scientific studies into ecosystem and natural process function have really only been 
undertaken in the south west since the 1950’s, and even then have typically been focused on 
parameters directly related to agricultural production.  Those comprehensive studies that have 
been performed, such as the land system mapping undertaken by Mills et al. (1990) covering 
the east of the catchment, and Galloway et al. (1974) covering the west, have been undertaken 
at a broad scale (e.g. 1:500,000), or framed in fairly technical terms.  However, there exists a 
significant body of scientific data and scientific literature for the region (as shown in Section 
2). 
The challenge for all scientific studies remains: how can the data they contain be successfully 
integrated with prevailing social and economic understanding and conditions?  More 
importantly, how can the findings of such studies be reconciled with the understandings and 
perceptions of land holders and land managers, who in the absence of a strong culture of trust 
of scientific endeavours and the uptake of new—and sometimes deeply challenging—
findings, will continue to fall back on their own conditioning and ‘folk views’.  Even when 
landholders call for more scientific research, the real desire may be for studies that agree with 
and reinforce the cultural conditioning and socially constructed ideas within which that 
individual operates.  
In such an environment, even considerably larger quantities of scientific data will not 
necessarily make the decision-making process any simpler or clearer.  Resources need to be 
devoted not only to the scientific process itself, but also to the understandings and perceptions 
of scientific findings by the community, and the integration of those data within economic, 
social, and cultural spheres of understanding.  It is within this framework that the ‘limits of 
science’ need to be understood. 
Science in and of itself is not sufficient to create progressive change and more sustainable 
management outcomes.  Care must be taken not to simply heed calls for ‘more science’, 
without first assessing whether the limiting factors are actually social and cultural.  Science 
should be used to answer the questions that science can answer; its limitations need to be 
realised in attempting to answer the questions that people continue to ask regarding the 
sustainable human settlement of south west Queensland. 
 
__________________________________________________________________________________________ 
Salinity Management  CEEWPR - UNE Page 47 
4 General Discussion 
The terms of reference for this study include the following text: 
The challenge for South West NRM is to deliver information and allocate 
investment so the long and short term effects of salinity can be understood and 
managed appropriately. The aim of this project is to encourage land managers to 
assess salinity hazard through simple evaluations of key factors that may cause 
salinity, including soil salt load, groundwater levels and changes in water 
balance. The aim is to build land manager capacity to increase the uptake of 
incentives to manage salinity. 
Key points of the text have been highlighted – these are discussed in the following.  
4.1 Allocate Investment 
SW NRM have funding available for salinity management.  The challenge is to know how 
best to allocate those funds to achieve the best on-ground outcomes with respect to reduced 
risk of present or future wide-scale salinity expression.  During this study, the following two 
investment priorities have emerged: 
1. Determine where in the landscape the greatest risk of dryland salinity might be.  The 
present study has not identified any current expressions of this, although our scientific 
review supports the view that such salinity could occur if suitable conditions exist (salt 
in the landscape, geological formations, rainfall).  There is clearly significant salt in 
the landscape in various places, and intense periods of rainfall can occur – e.g. highest 
monthly rainfall on record at Charleville 400mm, and highest daily rainfall 161mm 
(BoM 2006).  This suggests the need to assess geological formations to determine 
where rising groundwater could mobilise salt, and then to arrange to monitor the most 
likely areas to provide early indication or a potential problem. 
2. Invest in programs to reduce the risk of broad-scale scalding developing.  This is 
primarily about influencing land management practices to reduce overall grazing 
pressures in scald-prone landscapes.  Among other things, this will involve 
landholders being more active in assessing salinity hazard, and the strategic use of 
incentives as discussed below.  In addition to consideration of grazing pressures, 
investment should also be directed at assessing whether or not the thickening of 
woody vegetation leads to increased risks of scalding. 
4.2 Encourage Land Managers to Assess Salinity Hazard 
The three field visits, the workshops and the survey all lead us to conclude that there is 
generally a lack of recognition of the potential threat of salinity in the study area.  Further, 
many people are quite antagonistic to the issue as they see it as closely associated with tree 
clearing legislation.  However, there is significant salinity in the landscape (i.e. salinity 
hazard), and it could cause increasing loss of production and negative environmental impact 
mainly through scalding processes. 
Our experience in the field visits suggests that if landholders can come to understand that salts 
exist in much of the landscape, that its just there through no fault of theirs, then they may be 
prepared to manage the risk of that salt degrading their properties.  However, the challenge 
remains to have them recognise the existence and potential threat of salt in the first place. 
Probably the simplest awareness raising strategy would be to target rehabilitation of known 
scalded areas, whether these are salt caused or not.  Land managers could be offered incentive 
payments by SW NRM to rehabilitate scalded areas.  As part of the arrangements, a salt 
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hazard assessment including on-farm salinity measurements would be undertaken by the 
farmer on the property using general assessment tools provided in the salinity management 
toolkit.  Through coordinated activity with best-practice grazing management initiatives, an 
area identified as being particularly scald-prone could have a risk-management strategy 
implemented for it. 
Areas of scald reclamation could be used for field days to demonstrate the scald repair 
activity, and to provide information about salt hazard in general.  As more landholders 
become aware of where salt occurs in their landscapes, and recognise the actual threat that 
scalding could pose in some situations, it is expected that a cultural shift will gradually occur 
wherein management for salt risk becomes a usual activity on most properties. 
4.3 Uptake of Incentives 
The main broad-scale threatening salinisation process identified is that of scalding.  It 
therefore seems appropriate to allocate most (if not all) incentive payments to awareness 
raising and actual management of this risk as discussed above.   
While salinisation along water lines is apparent in some areas, relatively small areas of land 
are involved and reclamation of these areas is probably not in itself worthy of cross-
subsidisation through public funding.  However, if it can be done in concert with the 
landholder undertaking a salinity hazard/risk assessment for his/her property as discussed 
above, then the positive impact on the overall recognition of salinity hazard is likely to justify 
some incentive allocation to this and other non-scald salinity management. 
4.4 Remediation of Scalds 
Landholders have already undertaken work within the catchment to repair scalds using 
shallow water ponding.  This technique involves mechanically building low earth banks that 
catch wind blown soil, seeds and rainfall, and improve the likelihood that seedlings can 
become established.  A study of scald reclamation (Koch et al. 1996) has found that the use of 
shallow ponding has significant effects on reducing electrical conductivity in the surface of 
scalds, shown in Figure 12 a).  Shallow ponding is considered to be the best mechanical 
method for the rehabilitation of scalds (Andrew Biggs, pers. comm.), and is already a 
technique that is being used within the catchment.  Figure 12 b) shows a satellite image 
(publicly available via Google Earth) of ponding works on Mungallala Creek north of Bollon.   
a)  b)  
Figure 12: a) reduced salinity in scald surface with ponding events 
 b) ponding works north of Bollon beside Mungallala Creek 
Ponds are shown as ‘circles’ or ‘u-shapes’ around areas of grey.  In this image, deep grey-
green is trees, grey is grass/groundcover, and orange to white represents bare earth and scalds.  
An extensive scald can be seen to the west of the creek, and around the ponds on the east of 
the creek, while the ponds themselves appear to harbour good ground cover.  Such techniques 
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should be considered as part of an overall approach to salinity management, and should not be 
the ‘first response’ to the issue of salinity in the landscape.  That said, funding of such 
rehabilitation works should be considered, particularly if it raises the awareness of 
landholders, and particularly neighbouring landholders, to the issue of salinity and the need to 
take measures to prevent scald formation.  At the time of writing, SW NRM was working to 
measure soil salinity on the property of a landholder who had attended the Bollon field day 
and who wished to submit an application for funding to remediate a scalded area. 
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5 Recommendations 
5.1 Geological Review 
The terms of reference for this study did not include a detailed review of geotechnical 
information to assess likely locations for the occurrence of dryland salinity in particular.  
Whereas we have identified that the risk of such salinity occurring is very low in the study 
area, it nevertheless should not be ignored.  A geotechnical study of existing maps and other 
data should be undertaken to help target areas most at risk of rising water tables causing 
salinity.  Selected monitoring should then be established using piezometers as an early 
warning system. 
5.2 SW NRM Funding 
We recommend that SW NRM financially support scald reclamation activity through its 
various funding programs.  However, for this to have any validity in the overall management 
of salinity risk, it is critical that such funding require the landholder to undertake a salinity 
hazard/risk assessment of his/her holding.  In addition, we recommend that best-practice 
grazing management training currently on offer should be enhanced with information about 
salinity risk in scald-prone areas, and ways of minimising the likelihood of scald formation. 
5.3 Education 
Schools 
Salinity is a long-term problem, and solutions need to deliver long-term outcomes.  One way 
of achieving this is to teach the next generation of farmers about the nature of their landscapes 
with respect to salinity.  We suggest that course material be developed for local students in 
Years 6 and 7, and that arrangements be made with local schools to present this information.  
Given the constraints of existing syllabi, we envisage that negotiations may have to be 
undertaken with the Department of Education in order for this material to be permitted to be 
used.  We have contact with key people who could help in this if required. 
Extension 
The importance of extension for increasing the understanding of salinity amongst landholders 
within the catchment should not be underestimated.  It was evident from the workshops and 
field days that there needs to be an effort to increase the awareness amongst landholders of 
salinity and its possible expression within the catchment, as well as what actions can be 
undertaken to address both the causes and symptom.  That is, landowners need education in 
what landscapes may show signs of salinity through scalding, what steps can be undertaken to 
prevent scalding, such as stocking rates and stock removal regimes, and how to repair scalded 
areas.   
South West NRM is already involved educating landowners and promoting monitoring 
through projects such as Grazing Land Management, and the Monitoring Made Easy tools.  
These aids should be able to be easily expanding to incorporate techniques for monitoring, 
addressing and preventing salinity and scalding.  At the time of writing staff of SW NRM 
were actively involved in this process.  It is important that these activities are adequately 
resourced to facilitate the uptake by landholders of the perception that salinity is an issue that 
needs to be addressed as part of everyday management. 
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5.4 Scenario Modelling – A Learning Support Tool 
Secondary salinity is a dynamic process that results from ongoing human activity which 
mobilises and/or exposes salt occurring naturally in the landscape.  Time scales can be short 
to very long, and the benefits of management actions can similarly have immediate or very 
long time frames.  One way to help explain the dynamics of these processes is through 
scenario modelling.  Tools exist to enable interested landholders to participate in the 
development of the scenario models, and thereby to enhance their understanding about the 
underlying processes.  Once developed, the model (sometimes called a ‘management flight 
simulator’ in the literature), can be used in group training situations and classrooms to 
augment learning. 
We recommend that SW NRM consider investing in the development and deployment of such 
a learning support tool as part of the awareness raising and education activities.  A more 
detailed outline of what is possible can be provided if required. 
5.5 Staged approach to project funding 
Ideally, project funding by SW NRM would proceed after a full assessment of priority areas 
has been completed.  However, we note that further work still has to be done on this, and 
indeed some continuing on-farm monitoring may even be required as part of that work. 
In the meantime, it would be reasonable to commence funding some pilot scald reclamation 
work with a view to further developing and piloting the farm hazard /risk assessment tools, 
and exploring how subsequent grazing management strategies could be incorporated within 
other extension and management activities. 
Once the details of the necessary farm level activities have been more clearly defined, and 
following the outcomes of the geotechnical review recommended above, a more 
comprehensive funding package could be rolled out to priority areas.  Ultimately, funding 
should satisfy two main criteria: 
1. The on-ground works undertaken will reduce or halt the spread of salinisation in a 
priority area; and 
2. There is significant opportunity to influence perceptions about salinity.  This might 
imply that individuals who are likely to be enthusiastic ‘story tellers’ and influencers 
might be preferred in the initial funding rounds. 
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7 Appendices 
7.1 Workshops-Mini reports 
The three rounds of visits to the focus catchment each generated a small report.  These have 
previously been circulated with those who attended the workshops and amendments made.  
There are some reported comments in those reports which could potentially be inappropriate 
to publish to a general audience, so the detailed workshop notes are not included in this 
report.  They have been provided to SW NRM in another document. 
Some common themes emerged from those workshops, and these are reproduced below. 
 
Summary of common themes from workshops 
1. It was clear from all three workshops that land managers had not been provided with 
enough information on the causes and effects, recognition and monitoring of salinity on their 
properties and across the landscape. 
2. There appears to be a consensus that vegetation management is closely linked to soil 
erosion and salinity expression, and any policy on salinity must take into account vegetation 
management, and vice versa. 
3. All groups mentioned the ‘Best Prac’ programme, and it would prudent to identify where 
these groups have got to in the recognition and monitoring of salinity. 
4. Land managers do have strong concerns about the long-term viability of their landscape, 
and want to implement good land management practices. 
5. All groups agreed that there are simply not enough data regarding salinity in the catchment, 
and more must be gathered or made available. 
6. The continuation of this project to work out how to manage salinity is seen as worthwhile, 
particularly if it considers the interrelation of other environmental factors (such as fire and 
woody vegetation) on the expression of salinity. 
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Workshop Flyer 
The flyer below was sent out by SW NRM Ltd to landholders within the catchment area inviting them to the 
workshops. 
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7.1.1 May 
Trip report—2-5 May 2006 Matthew Gray 
The central part of this trip was the scientific scoping of the study area, both virtually and 
physically.  The SW NRM GIS was consulted to determine the best locations to stop and 
sample soil and vegetation along the Charleville-Bollon and Bollon-Mungallala legs of the 
trip undertaken on 3-4 May.  This trip was undertaken with Renee Moore (SW NRM 
biodiversity officer).  The objectives of this trip were: 
1. To assess sites suitable for the field trips scheduled to be held on the 6-8 June  
2. To make several farm visits at the invitation of the landowners to discuss and examine 
salinity issues 
3. To examine and become familiar with a diverse range of land units present within the 
catchment, particularly those more likely to show signs of salinity. 
4. To take a number of soil samples and test for salinity i) to possibly compare with some 
already established values, and ii) to become more familiar with the standard techniques used. 
5. To take photographs suitable for inclusion in an ‘understanding salinity’ booklet or other 
interpretive material that will become part of the decision support toolkit. 
The route of the trip is shown in Figure 11.  This shows the actual route taken in light blue.  
This shows the stops made at ‘Charlton’, Bollon and ‘Glenelg’, Mungallala.  The latitude and 
longitude for all locations are shown in the text below.  The sites stopped at included a diverse 
range of vegetation and soil types, and pictures and descriptions of each are included below. 
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Figure 13 NMW catchment showing property boundaries (yellow), roads (black/dark blue) and the actual 
trip route from GPS (light blue) 
 
1. Spinifex sand plain/ironbark woodland 
26 54’ 34.2” 146 36’ 03.3” 
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Figure 14 Spinifex / Ironbark woodland.  Very sandy soils; Triodia hummocks unhealthy, dying. 
Recharge area on a sandy rise.  This area appears to be a slowly changing landscape from 
Spinifex to ironbark.    
2. Spinifex herbland / shrubland 
This land type is scattered in the western part of the catchment, and is unlikely to be affected 
by salinity because of fast-draining sand soils on slightly elevated areas. 
 
Figure 15 Spinifex herbland /shrub land.  No tree overstorey.  Sandy soil obvious along road.  Triodia 
hummocks frequent / dominant, and healthy.  Some intergrading with woodland. 
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3. Scalded claypan 
27 03’ 03.9” 146 40’ 42.5” L2 Severe erosion, revealing C horizon 
This was a severely eroded area, shown on the original WARLUS map as a claypan. 
 
Figure 16 Severely eroded and scalded landscape, showing C horizon of white clay 
  
Figure 17 Severe erosion apparent over a large area of (previously) scattered poplar box woodland; 
stream erosion has revealed thin, sandy topsoil, darker B horizon and pale C horizon of sun-
baked clay 
The original claypan shown by WARLUS would likely have consisted largely of the dark B 
horizon shown in Figure 17.  Flood erosion since that survey, most likely combined with 
pressure from livestock, has caused serious erosion and severe scalding that is unlikely to ever 
regenerate naturally. 
4. Soft Mulga land 
(27 15’ 35.3” S 146 53’ 53.4” E) 
A soil sample was taken on this red earth plain, down to 30 cm deep.  The soil was extremely 
dry and friable, with a moderate amount of sand (see Figure 18 a).  The salinity was measured 
as 51 μS/cm.  Previous thinking has been that these soils are well leached and do not 
accumulate salt, however research in the past five years has shown that this not actually the 
case (Andrew Biggs, pers. comm.).  Most previous studies have only sampled down to 1.2 m 
(the length of the hand auger we had), but salts apparently travel easily through the open 
textured A and B horizons, and accumulate in the C horizon at 2-5 metres deep, where salt 
concentrations ‘balloon’.  We weren’t able to confirm this with our equipment, but the salinity 
at 30 cm was as expected.  The sparse ground cover over this area (see Figure 18 b)), perhaps 
10 percent, was typical of much of this country that we saw.  Warrego Landcare recommends 
that at least 20 percent cover be maintained to reduce erosion. 
__________________________________________________________________________________________ 
Salinity Management  CEEWPR - UNE Page 63 
a)  b)  
Figure 18 Making soil salinity measurements on soft mulga/red earth country 
5. Alluvial plain on Nebine Creek 
(27 47’ 31.7” S 146 53’ 18.5” E) 
This alluvial area showed severe erosion, in places more than two metres deep, as illustrated 
in Figure 19. 
  
Figure 19 Severe erosion of alluvial plain/ riparian zone 
A natural rocky dike across the creek here formed a small waterhole.  There was an almost 
total absence of ground cover, and signs of heavy traffic by sheep, shown in Figure 20. 
  
Figure 20 Nebine Creek waterhole; rocky outcrop in creek bed 
A soil sample taken from 15 cm deep at the base of one of the eroded areas here was 1031 
μS/cm (high). 
A water sample taken from the creek was measured at 104 μS/cm, with a turbidity of over 
1000 ETUs.  Care was taken to retrieve the sample with out stirring up the sediment.  
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This site demonstrated that alluvial/riparian areas are very susceptible to erosion and scalding, 
and even when all ground cover is gone, continues to receive heavy traffic from livestock 
seeking water.  These ‘run-on’ areas should be highly productive areas with nutrient rich 
sediments, and ample water.  But they are also under great threat of scalding and salinity 
when the top soil layers are removed.  The very same run-on that may keep the soil moist and 
promote plant growth can also bring salt with it and in the absence of ground cover cause 
severe erosion.  It is questionable whether it would ever be economic to rehabilitate this area. 
6. ‘Charlton’, Bollon 
(27 03’ 03.9” S 146 40’ 42.5”E) 
The scalded area examined here would be suitable for a field day.  Billy Winks is seriously 
concerned about the Mitchell Grass plains that are receding from the Mungallala Creek.  The 
scalding might not be caused by salinity, but it is possible.  A soil sample taken on a scalded 
area had salinity of 48 μS/cm at 10 cm.  The auger became extremely difficult to use beyond 
this depth due to the extremely hard, dry, fine-grained alluvium.  Another sample taken closer 
to the road showed salinity in the top 10 cm of 17 μS/cm.  It is possible the that the scald is 
maintained  more through the excessive stock pressure close to the creek and on the 
productive Mitchell grass areas.  Previous studies tell us that the rich alluvium under Mitchell 
grass also holds quantities of salt, and continued loss of soil from this scald will likely not 
only reduce pasture in the short term, but longer term reveal these salty subsoils, and in the 
extreme case produce a severely eroded landscape such as that found on the Nebine Creek. 
Billy was agreeable with the use of his property for a field day, and offered to dig a much 
deeper hole using his posthole digger.  He said he uses a water spear first to soften up the 
ground.  This should give us access to soil in the sides of the holes down to several feet deep.  
We can demonstrate simply how soil samples can be taken from the side of the hole at 
different depths and tested for EC.  Bill’s paddock gives us an obvious opportunity to show 
the kind of areas we are talking about with scalds, i.e. not trying to reclaim areas glistening 
with encrusted salt, but addressing areas that are degenerated, and without care soon will lead 
to a serious erosion and salinity problem.  He has lost around 20-40 mm (or more) of topsoil 
across the area we looked at, which equates to 200-400 cubic metres of soil per hectare. 
We also examined a salt-bush rich area much closer to the road.  This is a good area to point 
out the range of salt-bush species (c. 7 species) as well as other salt-tolerant species such as 
coolibah. 
7.  Scalded flats near bore drain 
(27 56’ 09.9” S 147 24’ 33.9” E) 
This site was an eroded and scalded area immediately beside the Bollon-Mitchell Road (see 
Figure 21) 
  
Figure 21 Scalded flats near road and beside bore drain (almost a panorama) 
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The soil here developed a definite crust (see Figure 22) and the soil salinity measurement that 
was taken showed EC of 0.195 mS/cm at 15 cm deep. 
  
Figure 22 Crusted surface of fine alluvium, become very hard below 10-15 cm 
 
8.  Cypress woodlands on grassy rise 
(27 51’ 11”S 147 22’ 27” E) 
The type of vegetation shown in Figure 23 is typically considered to be a recharge area, and 
should not be cleared, because a) increased water infiltration may lead to either rising 
groundwater or salinity at break of slope areas, and b) the soils on such areas are typically 
poor and sandy and easily eroded, often resulting in scalding (saline or otherwise).  We 
suspect that this area may have been ‘panic cleared’ in the 1990’s.  There doesn’t appear to be 
any greater grass cover in the areas that were cleared compared to the areas that still have 
scattered trees. 
  
Figure 23 Cypress woodland, and cleared woodland opposite, showing very large trees (DBH 60 cm+) that 
have been pulled. 
 
9. Box woodland—cleared 
(27 35’ 38.0” S 147 26’ 01” E) 
The area illustrated in Figure 24 was shown on the CSIRO map as poplar box woodland, but 
has been cleared in the intervening years.  This brought home the reality that much of the 
mapping undertaken for the WARLUS and CSIRO studies may have been impacted on by 
removal of woody vegetation in some areas, or the thickening of woody vegetation in others.  
This vegetation type (CSIRO land unit 31) is identified by the staff at NRMW as susceptible 
to salinity.  The mapping of scalds and claypans across the catchment incorporates this 
vegetation type as covering areas that are likely to be affected by scalding. 
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a)  b)  
Figure 24 a) Cleared woodland showing remains of trees; b) with grassland developed (mainly less 
desirable Aristida spp) 
Within this small ‘catchment’ we located a down slope area that had been scalded/eroded, 
revealing lower soil layers (27 35’ 13.1” S 147 26’ 13.0” E) (see Figure 25).  The soil in this 
eroded area had EC of 148 μS/cm at 20 cm. 
  
Figure 25 Scalded/eroded area near the bottom of the local catchment area.   
10. Stony rise between Wallam and Mungallala creeks 
(27 11’ 10.1” S 147 31’ 15.2” E) 
This slightly higher area is indicative of poorer country.  Soil here is skeletal at best, and 
ground cover is all but absent.  The use this sort of country has from a grazing perspective is 
as a drought reserve of mulga (Figure 26 shows mulga pushed for fodder).  From a salinity 
point of view, these areas are runoff/infiltration areas, and maintaining vegetation may reduce 
possible salinity impacts at the local scale. 
  
Figure 26 Hard mulga country on stony rise 
11.  Box woodland—drainage lines 
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(26 55’53.4” S 147 24’26.7” E) 
This land unit is another of those that is identified on the CSIRO map as possibly susceptible 
to scalding and salinity.  These are broad flat drainage areas typically without obvious 
streams.  This site proved to be a healthy grassy box woodland (see Figure 27), but similar 
areas further north on the trip showed signs of severe erosion. 
  
Figure 27 Grassy poplar box woodland (almost a panorama) 
We took a soil EC reading at 15 cm of 16 μS/cm (very reassuring given the obvious health of 
the area and good ground cover, see Figure 28). 
  
Figure 28 Healthy ground cover, good tree cover, low soil EC 
12. ‘Glenelg’, Mungallala 
When Jan and Graeme Chambers came onto the property 30 years ago, most of the trees had 
already been removed.  They continued this process, leaving almost no trees over almost the 
entire property.  They hold two parcels of 5000 acres each, and run 4,500 sheep and 500 cows 
(Figure 29 shows a satellite image of the property publicly available through Google Earth).  
Jan had invited us to her property to see where they had removed trees from the creek, and 
they got much better ground cover with thick grasses, sedges, rushes and lomandras 
stabilising much of the creek banks.  They also have water in the drought, when the 
Mungallala to the north and south is dry.  They attribute this to the absence of trees to pump 
out the water.  This is an interesting point: they seem to be aware of the process of trees 
removing groundwater, and that this is a process that can be used to address salinity where 
there are rising water tables.  But they see the absence of trees in this dry environment as a 
benefit, because it provides them with water in dry times.  It is also unclear whether the water 
that is ending up in the creek on their property is coming from deeper groundwater stores, or 
simply being held in the surface few metres of the alluvial plain  
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Figure 29 Satellite image of 'Glenelg', showing approximate boundaries and sites visited along creek 
Water samples were taken from a bore beside the Mungallala Creek, which is used to water 
the house yard.  This had EC of 372 μS/cm.  Further down the creek the water was measured 
at 169 μS/cm and lower still it was 142 μS/cm.  Jan said that they had measured the EC of the 
bore water when they first attached the windmill, and found it acceptable, but had not 
measured it since.  She didn’t know what the original reading was. 
The central part of this property consists of alluvial flats on loamy sand soils, surrounded by 
low rocky hills (see Figure 30).  The higher areas around the alluvial flats fit with CSIRO land 
unit 23, upper slopes and crests with gravely red earths, ironbark, box and Qld peppermint 
woodland with mulga, although most of this has been, and continues to be, cleared.  Much of 
the property was cleared when the current owners came on to it, and they have maintained 
that clearing regime.  They have ‘locked in’ their white areas under the vegetation 
management legislation, and so are able to continue to clear and remove woody vegetation 
within those areas. 
a)  b)  
Figure 30 a) Most productive land on Glenelg is alluvial creek lands, that sustain a healthy ground cover 
(foreground).  Hills on the E and W are stony and largely lacking groundcover, typically with 
major incursions of ‘woody weeds’ (background); b) they appear eroded and scalded. 
There are a number of water holes along the Mungallala, some of which have been dug out, 
others such as shown in Figure 31 a) have springs in the side that ‘trickle feed’ keeping them 
filled in all but the driest seasons.  Some of these are reportedly up to 14 feet deep.  Trees 
have been and continue to be killed and removed, and non-edible plants burnt.  There are 
obvious signs of regular livestock traffic. 
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a)  b)  
Figure 31: a) Waterhole on Mungallala Creek fed by a spring in the bank; b) 'Wet patch' that becomes a 
mini-wetland and source of ground water 
There are a number of ‘wet patches’ such as shown in Figure 31 b).  These areas fill with good 
quality water in times of plentiful rain, and water can be drawn out of them, presumably from 
the sand bed underneath.  If water is pumped into them it quickly drains away, yet there is a 
dam which does hold water less than 50 m away. 
There were signs of erosion problems, most particularly on the stony hills, and the creek 
banks are eroding away, albeit apparently slowly—much of that erosion may have occurred 
prior to the Chambers taking over the property.  Graeme suggested that in hindsight they had 
perhaps taken out too many trees, and that retaining up to 30 percent tree cover probably 
wouldn’t adversely affect their production.   
Summary 
Vegetation types 
We saw a good selection of vegetation types, and confirmed that it is possible to eyeball the 
likely vegetation types that we see plotted on the GIS, meaning that we should be able to arm 
landholders with tools in interpreting landscape and vegetation. 
 
June field days 
The site on ‘Charlton’ on the Mungallala is suitable.  There is a scald that is not beyond 
redemption, and Billy is keen to do something positive.  It is located to allow a good roll up of 
people within an hour of Bollon, and the location is right on the main road.  We can tell a 
good story and demonstrate some of the simple techniques of soil collection and EC testing.  
There is enough vegetation to do some interpretation, and participants can probably come up 
with a range of suggestions of what can be done to address the apparent issues. 
Mungallala is not so clear.  There are no obvious scalded areas, and from our first workshop 
the acceptance of the reality of salinity as an issue is much lower.  I wouldn’t recommend a 
field trip here because of the mixed messages people would get, namely, they have cleared all 
their trees and have grass, water and no obvious salinity.  It is unlikely that the extrapolation 
of the land management approach used on the loamy alluvial flats to other land types would 
be met with similar success.  Even the ‘harder’ country on ‘Glenelg’ was showing signs of 
erosion and scalding and reduced productivity.  The presentation of the salinity toolkit to a 
selection of landholders in this area might have more substantial impact.  Possibly also some 
overlap with the Maranoa Landcare Group in Mitchell, who have participated already in the 
NHT funded Water Quality Webs Community Monitoring Project.  
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7.1.2 June 
The last round of field trips consisted of two site visits on the 6th and 7th of June.  These field 
days were aimed at presenting information to landholders, including through the decision 
support booklet, and reporting on some of the findings following the workshops held in 
March. 
6th June 2006, Culgoa Floodplain National Park Salinity Field Day 
Attendance:   
Bill Thompson 
Bernard Oshanessy, ‘Black Bank’ 
Paul Flippo, ‘Kuballi’ 
Andy Coward (Ranger, Culgoa Flood Plain NP) 
Andrew Biggs (NRMW Towoomba) 
Matthew Gray (UNE) 
John Wolfenden (UNE) 
Dan Feguson (SW NRM Ltd)  
Alina Barkla (SW NRM Ltd) 
This field day was held at two sites within the Culgoa Floodplain National Park.  The first 
was a scalded site near Nebine Creek.  This scald is clearly visible from a satellite image as a 
bright white area just east of Nebine Creek along the access trail through the national park, 
shown in Figure 32. 
 
a)   b)  
Figure 32: a) Satellite image of scald on Nebine Creek b) map of field day sites (arrows) 
Participants were invited to attend through the SW NRM newsletter, email and telephone.  A 
number of apologies were received for the day.  The morning began at around 10 AM with 
discussion of the project to date and the use of the booklet in making some assessment of 
landscape.  The importance of the underlying soil sodicity and salinity to the formation and 
expansion of scalded areas was discussed, and Andrew Biggs agreed to show participants how 
to assess their soil structure and chemistry.  He used a truck-mounted hydraulic soil coring 
rig, which is able to recover soil samples down to several metres within just a few minutes 
(shown in Figure 33).  Prior to his arrival an attempt was made to dig a hole to recover a soil 
sample with a  spade, and in ten minutes, the hole only reached 20-30 cm, due to the baked-
hard dryness of the soil.  Within the broader scalded area, two soil cores were taken, one near 
some Gidgee trees shown in Figure 33 a) and another in the exposed shown in Figure 33 b).  
Participants were actively involved in the examination of the soil sample and the dilution and 
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measurement of the soil salinity specimens.  The soil salinity readings are shown in Table 4 
and Table 5 respectively. 
 a)   b)  
Figure 33: a) Hydraulic soil coring rig b) scalded area on Nebine Creek, CFNP 
 
Table 4: Soil salinity measurements for sheltered scalded soil. 
Depth EC 1:5 
0 cm 1.13 dS/m  
50 cm 3.7 dS/m 
1 m 4.6 dS/m 
1.5 m 3.8 dS/m 
Table 5: Soil salinity measurements for exposed scalded soil 
Depth EC 1:5 
0 cm 0.1 dS/m 
20 cm 8.6 dS/m 
50 cm 7.2 dS/m 
1 m 8.7 dS/m 
1.5 m 5.3 dS/m 
These readings are extremely high, with Andrew commenting that they were the highest he 
has ever recorded in southern Queensland.  They equate to ECse readings of around 90 dS/m.  
ECse of 12 dS/m is considered extreme and too saline for crops.  Some discussion was had of 
small patched of soft, friable vegetated soil, and it was decided that these were relictual 
patches of topsoil, meaning that at some stage in the not too distant past this large scalded 
area would have been covered by a layer of low-salinity well-structured topsoil, and that 
erosion of this top three to four inches had resulted in this extreme scalded area.  The 
extrapolation of this observation was: how many other areas are there along the creek that 
have similarly high levels of subsurface salt, but which have not yet been eroded and scalded.  
It is these elements of the landscape that need to be carefully monitored and maintained if 
they are to remain productive areas within the landscape. 
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The second area that was visited was a severally salt affected area near the end of a bore 
drain.  Here salt crystals were visible on the soil surface, and the entire area was covered in 
dead or dying trees, illustrated in Figure 34.   
 
Figure 34: Bore drain breakout, salt on soil surface 
There was water still in the end of the bore drain and the electrical conductivity of that sample 
was reasonable, about 800 μS/cm, and there were aquatic submerged plants growing on the 
bottom of the drain itself.  This demonstrates that even when the levels of salt within bore 
water are reasonable, the slow seepage and evaporation of water causes the concentration of 
salt to the point where trees and other plants are killed. 
 
7th June 2006, ‘Charlton’ Salinity Field Day 
Attendance: 
John Mesner ‘Marango’ 
Rod Cribb 
Bill Winks, ‘Charlton’ 
Shawn O’Brien 
Pip Veivers 
Ernie Bladen 
Andrew Biggs (NRMW Towoomba) 
Matthew Gray (UNE) 
John Wolfenden (UNE) 
Dan Ferguson (SW NRM Ltd)  
Alina Barkla (SW NRM Ltd) 
Keith Walker (SW NRM Ltd) 
This field day location was chosen because it was close to and visible from the Balonne 
Highway, and close to Bollon.  Bill Winks had identified this location at the workshop held at 
Bollon in March, and this site was visited in May.  He was concerned that the scalded area 
near the Mungallala Creek had been growing in recent years, with the line of Mitchell Grass 
retreating from the creek each year.  The scalded area is easily seen on satellite imagery, as 
shown in Figure 35.  This field day began a little after 10 AM with discussion of the 
significance of salinity in the landscape as a factor maintaining scalds on eroded areas once 
they form, and the possible drivers of scalding in this location.  The soil profiles were 
examined using the hydraulic soil coring rig at three locations, marked 1, 2 and 3 in Figure 35.  
The first was a scalded claypan near a watering point, the second was a scalded area away 
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from a watering point, and the third was in an area of Mitchell Grass tussocks.  The results of 
the soil sampling for these three sites are shown Table 6, Table 7 and Table 8. 
a)  b)  
Figure 35: a) Satellite image of scald at 'Charlton' b) map showing location of field day sites 
Table 6: EC1:5 readings for scalded red claypan, site 1 
Depth EC1:5 
0 cm 0.08 dS/m 
10 cm 0.75 dS/m 
20 cm 1.3 dS/m 
50 cm 2.2 dS/m 
1.0 m 1.4 dS/m 
1.5 m 1.4 dS/m 
Table 7: EC1:5 readings for scalded red claypan, site 2 
Depth EC1:5 
0 cm 0.02 dS/m 
30 cm 0.8 dS/m 
1 m 0.8 dS/m 
Table 8: EC1:5 readings for Mitchell grass plain, site 3 
Depth EC1:5 
0 cm 0.19 dS/m 
30 cm 0.35 dS/m 
1 m 1.37 dS/m 
These salinity measurements do not indicate that these sites are particularly salt affected.  The 
general rule of thumb for these measurements is that any reading under 1 dS/m (1000 μS/cm) 
is fine.  Soil profiles in Queensland typically show profiles with EC reading similar to those 
shown in Table 6.  That is, very low surface readings, and gradual increase down to 50-100 
cm, then a reduction below that. 
2
1
3
1 
32 
P 
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a)  b)  
Figure 36: a) enthusiastic landholders were 'hands-on' with the soil measurement process b) sampling site 
in Mitchell Grass flats 
Most notable was the very different soil structure and appearance in the healthy (though 
heavily grazed) Mitchell Grass area compare with the scalded areas.  In discussing the process 
at work in this landscape many of the drivers of scalding are probably the same—traffic by 
livestock, reduced rainfall, extremes of heat or cold, runoff of rainfall before it can wet soil 
profile, water and wind erosion—and the presence or absence of saline soil plays more of role 
in maintaining scalds once they have formed.  In discussion of the most effective ways of 
remediating these areas, ponding of rainfall was argued as the most effective mechanical 
technique.  John Mesner noted that in their remediation work on scalds further north along the 
Mungallala Creek that they had constructed a special mound-building plough that would 
allow for the construction of shallow ponds in one pass, rather than two to four passes.  The 
retention in the immediate area of heavy rain that fall within the circular or horse-shoe shaped 
pond structures was considered to be the most effective way of remediating scalded areas, 
especially if combined with fencing to reduce livestock pressure. 
Brief discussion was had of the role of piezometer tubes in understanding groundwater and 
the possibility of rising water tables.  The field day was located close to the NRMW 
monitoring bore on the Mungallala Creek, marked in Figure 35 with ‘P’.  A picture of the 
piezometer, which consists essentially of a pipe in the ground, is shown in Figure 37.  This 
piezometer tube was checked, and found to be dry right down to 15 m.  In the current drought 
conditions at least, rising groundwater is not an issue. 
 
Figure 37: Piezometer tube and marker post on Mungallala Creek 
7.2 Survey Instrument 
A survey was devised following the series of workshops held in March.  A series of questions 
were developed that were likely to provide some opportunity to gauge the understanding of 
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the issues of salinity and landholder perceptions of the idea and reality.  A draft survey was 
provided by the UNE researchers, and is shown below 
1. Draft survey 
A draft survey was produced with the rubric and questions as shown below.  The intention of 
this survey was to introduce the topic of salinity and ask a series of open-ended questions, 
with the primary objective of eliciting from respondents their inherent understanding sand 
perceptions of salinity. 
_________________________________________________________________________  
Salinity is a word that we hear far too often these days, and sometimes we wish it would just 
go away.  If only it were that simple. 
When people hear the salinity word they usually think of irrigated crops and pastures, or 
rising water tables in dryland areas.  But as you probably already know, this doesn’t apply in 
most of south west Queensland.  
State and Federal governments have identified that salinity is, or could become, a serious 
issue in the Nebine-Mungallala-Wallum Creek catchment.  They have allocated substantial 
funds to address this issue.  South West NRM Ltd is the body responsible for determining 
how best to use that funding. 
As part of this funding process, we are using this survey to seek vital input from land 
managers such as yourself.  We would like to find out more about your views on salinity (or 
lack thereof!) for this catchment.  As a first step in gauging these opinions a series of 
workshops was run on the 21st, 22nd and 23rd of March (Perhaps you saw the advertising for 
these?).  Quite a few farmers attended and were able to express their concerns about salinity 
and other related issues, and to ‘add some reality’ to the salinity picture.  The common theme 
that came out of the workshops was that land managers don’t know enough about monitoring 
and managing salinity in the catchment…and neither does anyone else!  With this lack of data 
and information, it’s impossible to know whether the salinity issue is a ‘storm in a teacup’, or 
a ‘disaster waiting to happen’.  A cautious person might hope for the former, but plan for the 
latter. 
We think that in this catchment the potential threat from salinity is through ‘scalding’.  This is 
the erosion of topsoil by wind or water, which can also occur through the break-out of bore 
drains or flooding creeks.  Such erosion exposes salty soils, which then becomes crusted, 
water repellent, and devoid of vegetation.  It may perhaps grow only a few salt tolerant plants 
such as saltbush.  When scalding occurs on productive areas such as Mitchell Grass plains, 
the carrying capacity on those affected areas can be reduced by 60-100 percent. 
Workshop participants were generally able to identify salt-affected areas either on their own 
or on nearby properties, particularly in the lower end of the catchment.  But only a small 
proportion of the total number of farmers in the catchment were able to attend the workshops.  
Participants felt that it is important to ask all landholders for their input, and that is the 
purpose of this survey. 
Could you please complete the one-page survey attached.  This should only take a few 
minutes, but will greatly help our understanding of salinity and other related issues in the 
Nebine-Mungallala-Wallam catchment.  It is critical in this survey to get your individual 
opinions regarding salinity within the catchment. 
All information collected in this survey is strictly confidential.  Responses will be pooled to 
help SW NRM Ltd identify where and how to spend money to help land managers to 
understand, monitor and manage salinity.   
All surveys returned before [nominal date] go into the draw for a [nominal amount] fuel 
voucher from [local provider]. 
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Understanding Salinity Survey 
Please provide as much information as you feel able.  If you need more space, please turn 
over or attach additional pages. 
1. What signs of salt occurring naturally in the landscape have you seen?..................................  
2. Where have you seen occurrences of scalding / dryland salinity (if you have seen any) ? 
3. Where do you think this type of salinity is most likely to occur? ...........................................  
4. Do you think this type of salinity has the potential to increase over the next (please circle) 
      5 years / 20 years / 50 years / 100 years / 200 years? 
5. What information do you need to make informed decisions about salinity? ..........................  
6. What current or potential impacts are likely to occur as a result of salinity on  
a) your productive capacity ..........................................................................................................  
b) the environment? .....................................................................................................................  
7. What is the most innovative change you have made on your property in the past 
a) 5 years?.....................................................................................................................................  
b) 10 years? ..................................................................................................................................  
8. What management approaches have you implemented to address potential or actual 
salinity? 
9. If we were to monitor salinity, should we be monitoring changes in (please circle one or 
more)  groundwater depth / stream salinity / size of scalds ? 
10. What salinity management practices are most effective to manage salinity? .......................  
11. What land management issues do you think may be linked to salinity? ...............................  
12. How do you think other land management issues may be linked to salinity? .......................  
13. Is it economically viable to attempt to rehabilitate scalded areas? ........................................  
14. Have you or are you planning to rehabilitate scalded areas? ................................................  
15. Would you rehabilitate existing scalds if government funding were available? ...................  
16. What is the approximate area of your property (acres or hectare) .........................................  
17. Approx. how many head do you run a) sheep………b)cattle……c) goats…….d)other .......  
18. What is the approximate (or actual) location of your property? (please circle N/S/E/W) 
 a) N / S Warrego Hwy b) N / S Balonne Hwy c) E /W Nebine Ck  d) E / W Mungallala Ck  
e) E / W Wallam Ck    ( ................................................................................................................ ) 
19. Any other comments/suggestions (no swear-words, please!) ...............................................  
Please return this survey along with your name and address slip in the stamped, return 
addressed envelope provided  All slips received with surveys by [nominal date] will be placed 
in the draw for a [nominal amount] fuel voucher from [local supplier]. 
_________________________________________________________________________  
 
 Final survey 
The format and content of the final survey document was decided upon by SW NRM, 
following consultation.  It was decided to change the open-ended question format to a ‘tick 
the box’ style in the belief that this would make the survey simpler and thus elicit improved 
responses.  The final survey as sent out by SW NRM consisted of the following rubric and 
questions.  The format shown here is close to what was sent out (with spaces for responses 
removed). 
_________________________________________________________________________  
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Dear [Landholder] 
RE: Adding reality to salinity in the Nebine / Mungallala / Wallam catchment 
Salinity is a word that we hear far too often these days, and sometimes we wish it would just 
go away.  If only it were that simple.  
When people hear the salinity word they usually think of irrigated crops and pastures, or 
rising water tables in dryland areas.  But as you probably already know, this doesn’t apply in 
most of South West Queensland.  
The Australian Government has identified that salinity is, or could become, a threat in the 
Nebine-Mungallala-Wallum Creek catchment. They have allocated substantial funds through 
the National Action Plan for Salinity & Water Quality to address this issue. South West NRM 
Ltd is the regional natural resource management body responsible for determining how best to 
use that funding. 
As part of this process, we would like to find out more about your views on salinity (or lack 
thereof!) for this catchment.  As a first step in gauging these opinions a series of workshops 
was run on the 21st, 22nd and 23rd of March.  Quite a few land managers attended and were 
able to express their concerns about salinity and other related issues, and to ‘add some reality’ 
to the salinity picture.  The common theme that came out of the workshops was that land 
managers don’t know enough about monitoring and managing salinity in the catchment…and 
neither does anyone else!  With this lack of data and information, it’s impossible to know 
whether the salinity issue is a ‘storm in a teacup’, or a ‘disaster waiting to happen’.   
Workshop participants were generally able to identify salt-affected areas either on their own 
or on nearby properties, particularly in the lower end of the catchment.  But only a small 
proportion of the total number of land managers in the catchment were able to attend the 
workshops.  Participants felt that it is important to ask all landholders for their input, and that 
is the purpose of this survey. 
If you could please complete the short survey attached it will greatly help our understanding 
of salinity and other related issues in the Nebine-Mungallala-Wallam catchment. Responses 
will be pooled to help South West NRM Ltd identify where and how to spend money to help 
land managers understand, monitor and manage salinity.  South West NRM is a community 
directed company funded by the Natural Heritage Trust, National Action Plan for Salinity & 
Water Quality and the National Landcare Program - the results of the survey are not to inform 
State Government activities.  
 
Yours Sincerely  
Dan Ferguson  
NRM Programs Manager 
Understanding Salinity Survey 
Please provide as much information as you feel able.  If you need more space, please turn 
over or attach additional pages. 
1. Which of the following best describes your enterprise (tick the appropriate boxes)  
 Sheep          Cattle         Sheep & cattle       Stock and crops    other................................... 
2. Where is your property located? 
  Murweh Shire    Paroo Shire    Balonne Shire    Booringa Shire   Warroo Shire 
3 What signs of salt occurring in the local landscape have you seen? 
  Naturally occurring salt pans / salt lakes (primary salinity) 
  Saline clay sub-soils exposed due to erosion of top soil (scalding) 
  Shallow groundwater rising bringing salt to the surface (dryland salinity) 
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  Salt left on the surface from groundwater which has flooded out of a bore drain 
  Stream salinity caused by intrusion of salty groundwater  
  From irrigation water bringing shallow groundwater and salt to the surface (irrigation 
salinity) 
  I have not seen any significant signs of salt in the landscape 
  Other………………………………………………………………………  
4. Where have you seen occurrences of salt in the landscape (if any)? 
 Surrounding creeks and drainage lines 
 Hillsides 
 Sandy country where bore drains have failed and flooded out 
  Open grasslands  
  Claypans 
  Open woodlands 
  Dense woodlands  
  Other………………………………………………………………………  
5. Where do you think salt is likely to occur in the landscape?  
 Surrounding creeks and drainage lines 
 Hillsides 
 Sandy country where bore drains have failed and flooded out 
  Open grasslands  
  Claypans 
  Open woodlands 
  Dense woodlands  
  Other………………………………………………………………………  
6. What land management practices could be linked to occurrences salinity in the N/M/W?  
 High total grazing pressures leading to low groundcover and increased erosion 
 High tree and shrub densities causing low groundcover and increased erosion  
 Removal of deep rooted vegetation in recharge areas causing shallow groundwater to rise 
 Removal of deep rooted vegetation in discharge areas causing shallow groundwater to rise 
  Poor irrigation practices causing increased water to percolate into shallow groundwater 
 Other………………………………………………………………………………  
7. What current or potential impacts are likely to occur as a result of salinity in the N / M / W? 
 Damage to road infrastructure and buildings  
 An increase in scalds leading to a significant reduction in productive land 
 An increase in scalds leading to significant land degradation and biodiversity loss 
 An increase in surface water salinity causing a loss of in-stream biodiversity 
  Other…………………………………………………………………………  
8. Do you think salinity has the potential to increase over the next…. 
  5 years    20 years    50 years   100 years   200 years  
9. . Is it worthwhile to further investigate salinity in the Nebine / Mungallala / Wallam 
catchment?   Yes    No 
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10. How do you view the importance of addressing salinity issues in relation to broader 
natural resource management issues? (1=very low relative importance and 5=most important 
issue)  1   2    3    4   5 
10. [sic] What information would be helpful to make informed decisions about salinity?  
 Data on groundwater levels and underlying geology 
 Information on plant species that occur in salt affected areas 
 Soil profiles showing where salt may occur in different land types 
   Influence of climate change on rising water tables  
   Grass / tree relationships with reference to soil erosion and salinity 
  Other………  
11. If we were to monitor salinity what would be your preferred method? 
  A confidential landholder monitoring network to measure ground and surface water 
 Regional bodies and landholders measuring salt in creeks and drainage lines 
 Private consultants undertaking geological/soil surveys to determine risk 
 Regional bodies measuring change in size of existing scalds through satellite 
imagery/remote sensing 
  Other………………  
12.  Is it worthwhile to attempt to rehabilitate scalded areas? 
  Yes 
  Yes, but only where government funding can be obtained to assist landholders in these 
efforts 
  No, it does not make economic sense to rehabilitate scalded areas 
  Other……………………………………………………………………………………… 
13. What management approaches would you like to see implemented to address potential or 
actual salinity? 
  Fencing scalded areas to rehabilitate through excluding stock  
  Fencing areas which have the potential for scalding to manage grazing pressure 
  Mechanical rehabilitation of scalds (e.g. ponding, ‘busting’ soil crusts)  
  Trialling of salt tolerant plant species 
  Revegetation of recharge areas 
  Revegetation of discharge areas 
  Other…………………………………………………………………………… 
14. Any other comments/suggestions………………………………………………………. 
Thankyou for your time in filling out this survey.  Please return it in the reply paid envelope 
by June 9, 2006. If you would like further information about this project or any other South 
West NRM activities please contact 
Dan Ferguson 
NRM Programs Manager 
66 Galatea St 
Charleville 
(07) 4654 7382 
_________________________________________________________________________  
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7.2.1 Decision support/self-assessment tool 
This self assessment tool should not be viewed as a stand-alone document, but as part of the 
larger set of tools at the disposal of SW NRM Ltd.  An early version was compiled by 
Mathew Gray, and feedback was obtained from landholders at field days.  Based upon that 
feedback and further discussions within SW NRM the self-assessment tool has undergone a 
number of changes, most notably to be more of a checklist style, such that landholders can use 
the booklet as an initial self-assessment that can act as a trigger or catalyst for further 
involvement by SW NRM staff.  Julie Frousheger, Monitoring and Evaluation Officer and 
Renée Moore, Biodiversity and Vegetation Officer have undertaken at the time of writing to 
take on responsibility for finalising this booklet so that it is consistent and integrated with the 
Monitoring Made Easy project.  The booklet as presented below is the draft version that was 
distributed at field days in June.  It is presented in an indicative format only, showing 
headings, layout and graphics.  The booklet itself has been prepared as a separate document 
that can been printed and stapled into A5 booklet format (i.e. printed double-sided onto folded 
A4 pages). 
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